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POSITIONS, ORBIT, AND MASS OF PLUTO" 
By SETH B. NICHOLSON anp NICHOLAS U. MAYALL 
ABSTRACT 


Positions and orbit of Pluto.—Positions of Pluto were obtained from photographs 
taken by M. L. Humason in 1919 with the ro-inch Cooke triplet and from photographs 


taken with the 60- and t1oo-inch reflectors in 1930. 
Orbital elements were computed which include the perturbations of the four major 
planets. The resulting period is 247.6968 years, which corresponds to a mean distance 


of 39.45743 astronomical units. The time of perihelion passage is 1989 Nov. 6.98 U.T., 
and the eccentricity 0.24852. 

Determination of the mass of Pluto—The perturbations of Pluto on Neptune were 
used to determine the mass. A least-squares solution of twenty-two observational equa- 
tions with the mass of Pluto and the corrections to four of the elements of Newcomb’s 
orbit of Neptune as unknowns gave 0.94 + 0.25 times the mass of the earth as the mass 


of Pluto. 
I. POSITIONS AND ORBIT OF PLUTO 

As soon as it was announced that a trans-Neptunian object had 
been discovered by Tombaugh at the Lowell Observatory, the rec- 
ords of photographs taken at the Mount Wilson Observatory were 
examined to see whether any prediscovery positions could be ob- 
tained. The only photographs which could show images of the newly 
discovered object were four of a series begun in December, 1919, by 
M. L. Humason in a search for trans-Neptunian planets. 

This search was stimulated by an article by W. H. Pickering which 
had just appeared in Harvard Annals, 82, in which he reviewed the 
previous investigations concerning the existence of a trans-Neptuni- 
an planet and gave a new solution of the problem, including the 

* Contributions from the Mount Wilson Observatory, Carnegie Institution of Washing- 


ton, No. 417. 
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observed deviations of Neptune from its predicted positions. The 
search covered the position predicted in this paper and also those ~ 
given by W. H. Pickering in 1g09' and by Percival Lowell in 1915.” 
The to-inch Cooke triplet was used with exposures of 2 hours, which 
showed stars down to about the seventeenth magnitude. The plates 
were 35.5 X43 cm (14X17 in.), with a scale of 2 cm to the degree, 
thus covering a region 18° in declination by 128™ in right ascen- 
sion. Three fields were photographed, centered on the ecliptic in 
right ascension 5°38™, 6534™, and 746™, respectively, and at least 
three exposures were made on each field during December, 1919, and 
January, 1920. These plates had been very carefully searched with 
an improvised blink comparator in a zone 3° wide along the ecliptic, 
and, although many asteroids and a few variable stars were found, 
no trans-Neptunian planet was discovered. The search was then ex- 
tended, but less exhaustively, to a zone about 10° wide, with no suc- 
cess. The search was continued the following year with exposures of 
15 minutes at the 60-inch reflector, which covered a region along the 
ecliptic 196 wide and 7° long, centered on the predicted positions. 
If the planet discovered at the Lowell Observatory had been within 
a degree and a half of the ecliptic in 1920, it almost certainly would 
have been found at that time. 

The preliminary orbits of Pluto gave the position of the orbit 
plane with considerable accuracy and indicated that in 1921 the 
planet was not in the region covered by the 60-inch, plates, but was 
within the field of four of the plates taken with the 1o-inch triplet in 
1919. The search on these plates was then limited to a narrow region 
along the orbit plane, but it was not until the region to be examined 
was still further limited by better orbits that images of the planet 
were at last found on June 7, 1930. Two ephemerides were used, one 
by E.’C. Bower and F. L. Whipple, which had been received by 
letter, and one by A. C. D. Crommelin.’ The latter made use of an 
observation by Delporte* from a plate taken in 1927. 


* Harvard Annals, 61, 162, 1909. 

2 Memoirs of the Lowell Observatory, 1, No. 1, 1915. 

3 Circulaire du Bureau Central Astronomique de l’ Union Astronomique Internationale, 
No. 282, 1930. 

4 Astronomische Nachrichten, 238, 314, 1930. 
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Four plates of the series taken by Humason showed images of 
Pluto: two on December 27, 1919, the others on December 28 and 
29, respectively. The estimated photographic magnitude of the 
planet was 15. The positions of Pluto were measured on these plates 
with reference to six stars, the co-ordinates of which were obtained 
from the Catalogue of the Astronomische Gesellschaft. The mean of 
these four positions was telegraphed to the Harvard College Ob- 
servatory.* 

From the close agreement of the computed and observed positions 
it was evident that small differential corrections to the orbits on 
which the ephemerides used in the search were based would suffice to 
represent the 1919 observations exactly. The observations then 
available for improving the orbit were those just determined for 
1919, the single position by Delporte for 1927, and those made in 
1930 since the planet’s discovery. It soon became apparent that the 
declination of the position by Delporte was in error by about 20”, 
and this observation was therefore discarded. Many observations of 
the planet had been made between the time of the announcement of 
its discovery and the end of May, but we decided to base our com- 
putations of the orbit on the observations made at Mount Wilson in 
March and May, 1930, the discovery position made in January, 
1930, at the Lowell Observatory, and the 1919 Mount Wilson posi- 
tions. The following orbit, which best represented these observa- 
tions, was reported to the Harvard Observatory.’ 


T= 10988 June 5.5 U.T. g= 29.6 

w= 111°46' €= 0.2575 
Q=109 22 P=251.80 years 
i= 17 9 


Soon after the planet’s position in 1919 became known, F. E. Ross 
at the Yerkes Observatory found images of it on plates taken by 
E. E. Barnard in 1921 and by himself in 1927.5 There was an ap- 
parent discrepancy between the observation of 1921 and the mean 
of those of 1919 amounting to about 14” in a. The 1919 plates were 


t Harvard Announcement Card, No. 133, 1930. 


2 [bid., No. 134, 1930. 3 Astronomische Nachrichten, 239, 118, 1930. 
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therefore remeasured with the aid of six faint comparison stars from 
the Paris zone of the A strographic Catalogue. The images of the plan- 
et were almost central in right ascension on the 1919 plates, but were 
nearly 4° south of the centers of these plates. The eccentric coma of 
the overexposed images of the A.G. stars might therefore have pro- 
duced an error in measures of the declination, but should have had 
no effect on the measures in right ascension. The error due to coma 
should be nearly eliminated from the positions referred to the fainter 
stars of the Astrographic Catalogue. The new measures gave correc- 
tions to the original positions of +-0%06 in a and — 276 in 6. 

Soon after the 1927 observation by Delporte was shown to be in 
error, corrections to it were published,’ amounting to +0%26 in a and 
—15"5 in 6. 

The preliminary orbit was next corrected by using these additional 
observations and the remeasured positions for 1919 and 1927. In the 
preliminary orbit the mass of the sun alone was used, and the center 
of the sun was taken as the origin of co-ordinates. The perturbations 
by the four major planets were therefore computed in rectangular 
co-ordinates and taken into account in correcting the orbit. Table I 
gives the corrections which must be applied to the equatorial co- 
ordinates of Pluto (equator and equinox of 1930.0) derived from an 
orbit osculating at January 7.0, 1930, to obtain the true co-ordinates. 
In the meantime, some additional observations had been made at 
Mount Wilson after Pluto had passed conjunction with the sun, and 
these were also included in the final calculation of the heliocentric 
orbit. 

It is possible, however, to derive an elliptic orbit which by itself 
will represent the motion of Pluto more accurately than the helio- 
centric orbit unless the perturbations are accurately taken into ac- 
count. This may be done by transferring the origin to the center of 
mass of the solar system and changing the Gaussian constant & to 
0.01721363, which includes the total mass of the system. The motion 
of Pluto referred to this center is almost exactly elliptic, which ex- 
plains why the barycentric orbit thus obtained is sufficient to de- 
scribe the motion with high approximation without the inclusion of 
perturbations. Geocentric positions computed with the heliocentric 

t Tbid. 
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TABLE I 
PERTURBATIONS BY THE FouR MAJoR PLANETS 
(Unit = 0.00001) 











Date U.T. | In x | In y Inz 
GOR es OO 66 os ilaed shee is — 2668 +1101 +530 
DONO PEs BROS alg diets bee Hadca 2705 IOII 493 
LOA “MORS CIOS a esig fe old eaes 2723 892 443 
COG AE DEC 3 sere ai eisinnees 2716 751 383 
BOY WOO BI Oick edo c cle ween ss 2678 594 315 
BPE FE FEO 0 oi oie sbseee ew 2607 429 243 
EGOT Gis We On os ascoeiewicas oes wom 2503 261 168 
OST AE! BOOS. paaicctn ton vices sine 2366 + 08 96 
9O24 BOs F926 50. 0.05.60 ee eee oe 2198 — 54 + 27 
EQS INUies, BE Okcre cle nies tine b aiales 2003 187 — 34 
EOSE BER: BO ee hia whe cena 1785 207 86 
NOMa rete. On, 55:8 said 44 alee eos 1553 380 127 
fO7e MOMS (BEG 1a ct owen 1312 433 155 
CORR I, DOs eo ee ean ean 1072 453 170 
ee) Se | ao ee rer ore | 841 444 171 
SE EG rc os: od Renan! 628 406 160 
WORNIN ERE. (AE Oh is cS cis valain'el aes | 44! 347 139 
LOONEY 22006 facdiaid tarda cdeees 286 273 III 
ea, SSE ee ee 167 194 79 
RO I BEM is needs ccm es | 83 118 49 
TOR JOM TP Os 6 one owe cede 31 56 23 
ROA a EEL Oe ic os races eae 6 15 6 
EQZOORGMS, - FiOere.- o's Os hares woe meee ° re) ° 
eS A ere ee | 4 16 8 
NOSE MAES. BNO. cicada icameanees —- 9 — 61 — 26 











elements and perturbations are, however, more accurate than those 
computed with the barycentric elements alone. 
The elements for the two methods of describing the motion are: 


Heliocentric Elements Barycentric Elements 
with Mass of Sun with Mass of Solar System 

T 1989 Oct. 2.03 U.T. 1989 Nov. 6.98 U.T. 

w 113°O1'4173 113°52'50°6 

Q 109 21 39.4 109 2I 43.7 7 1930.0 

1 17 0658.4 17 08 38.1 

a 39.60038 39.45743 

e 0. 2460861 0. 2485200 

P = 249.2097 years 247.6968 years 

Be 14723833 14732530 

q 29.85528 29.65147 

k ©.01720210 ©.01721363 

Constants for the Equator 1930.0 

x=r[9.982578] sin (313°12’5571+2) x=r[g.982520] sin (314°04'1878+2) 
y=r|9.980816] sin (228 15 17.7+2) y=r[9.980843] sin (229 06 58.1+2) 


z =r[g.604295] sin (182 03 08.0+2) z =r[9.604461] sin (182 50 47.8+2) 
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Co-ordinates computed by the barycentric elements, which refer 
to the center of mass of the solar system, may be used to obtain geo- 
centric positions by combining them with co-ordinates of the earth 
referred to the same origin. Co-ordinates computed with the helio- 
centric elements must have added to them the perturbations from 
Table I-in order to obtain the true heliocentric co-ordinates. Both 
sets of elements give the same geocentric position on January 7.0, 
1930, and the difference in representation for other dates may be 
seen from Table II. This table shows the residuals for the various 
observations used in the computations which correspond to the pre- 


TABLE II 


REPRESENTATION OF OBSERVATIONS BY DIFFERENT ORBITS 


3 , | 
| | Preliminary | Heliocentric | ; ; 
Date U.T. Preliminary Orbit Orbit + | Orbit + | Barycentric Orbit 
| Perturbations | Perturbations | 


| Aa As | Aa As | Aa Ab | de Ab 


1919 Dec. 29.0667* 078, —2"6 | —13174, —3%0| +171, +075 | +276, +075 
1921 Jan. 29.0896. |+14.4, —2.1 ]..........00- | —3.4, —1I.0| —2.8, —1.2 
1927 Jan. 6.2500./+10.1, +1.4 ssaxbudik de rm atte WEF, Hg e | BG, 8-9 
1927 Jan. 27.8942. |+13.8 5-6 | —13.6, +8.2) +2.6, +1.9 | +2.4, +1.9 
1930 Jan. 23.2274.| 0.0, —2.9 0.0, —2.9| —0.3, —3.5 | —0.3, —3.-5 
1930 Mar. 23.1733*|— 0.1, —0.3 — 0.I, —0.3} +0.3, —0.3 | +0.3, —0.3 
1930 May 27.1927*|— 0.2, +0.3 — 0.1, +0.3) —0.6, +0.3 | —0.6, +0.3 
Tos0 Wet. -%:0045 "1.05 2s, shores 6 SANG, Si dena sem eae aoa | +o.1, +0.3 | +0.1, +0.2 
| | 





"© Normal place. 
liminary orbit, to the preliminary orbit with perturbations applied, 
to the corrected heliocentric orbit with perturbations included, and 
to the barycentric orbit. 

Table III gives the individual observations used in the computa- 
tions and their residuals obtained from the heliocentric elements by 
including the perturbations given in Table I. All the Mount Wilson 
observations in 1930 were derived from photographs taken with the 
60-inch reflector, except those of May 27 and June 1, which were 
taken with the 1too-inch reflector. 

As shown in Table II, the preliminary orbit indicated a discrep- 
ancy of about 14” between the position of 1921 and that of 1919. 
The corrected orbit represents all the observations of tg19 and 1921 
within the errors of measurement inherent in plates of such small 
scale. It is evident, therefore, that the apparent discrepancy was 
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due to the perturbations of the major planets, and not to errors of 
observation. 

No ephemeris has been computed from the final elements given 
here, since they differ so little from those derived by Bower and 
Whipple’ that the ephemeris computed by them is entirely sufficient. 
After these elements were obtained, an observation from a plate 
taken in 1914 was published by Wolf.? The representation of this 

TABLE III 
OBSERVATIONS AND THEIR REPRESENTATION BY HELIOCENTRIC ORBIT 
WITH PERTURBATIONS INCLUDED 


Observer | Aa | Aé 

















| 
| 
' 


l 
Date U.T. a(Ig30.0) | 56(1930.0) 

1919 Dec. 28.1861... 6hag™088 53 | +19°21'47"0 | Humason | +2"5| +o"1 
1919 Dec. 28.2861... 6 29 07.68 | 19 2149.0 | Humason | —2.5) +1.4 
1919 Dec. 29.4285. . 6 29 02.13 | Ig 2156.8 | Humason +3.1| +1.2 
1919 Dec. 30.3660.. 6 28 57.14 | IQ 2201.5 Humason +1.2| —0.7 
1921 Jan. 29.0896. . 6°31 22.14 | IQ 43 13.8 Barnard chal —1.0 
1927 Jan. 6.2500.. 7 04 03.17 | 21 13 03.1 Ross | —2.7| —3.7 
1927 Jan. 27.8942 7 02 10.69 | 21 17 20.3 Delporte +2.6| +1.9 
1930 Jan. 23.2274..| 7 18 56.37 | 21 5740.1 | Tombaugh —0o.3| —3.5 
1930 Feb. 23.1944.. 7 16 36.39 ‘| 220406.8 | Tombaugh | —1.1| —1.2 
1930 Mar. 23.1733.. et ae ee oe 2207 55.4 Mayall +0.4) —o.I 
1930 Mar. 24.1458... PLS 44 64 22 08 00.7 Mayall +o0.2} —o.2 
1930 Mar. 28.1497.. 7.15.°30.80. | 22 08 20.7 Mayall +0.4| —0.5 
1930 Apr. 22.1602.. 7 15 54.82. | 2209 18.2 | Mayall | —0.6| +0.5 
1930 May 22.1719.. 7 17 43.42 22 07 56.2 Mayall | —0.9g} +0.3 
1930 May 27.1927.. 7 18 08.72 | 22 07 27.8 Pease | —0.5| —0.3 
1930 June 1.1809.. 7 18.35.51 | 22 06 58.1 van Maanen| —o.3| +1.0 
1930 Oct. 1.4906.. 7 4053.22) | 31 §3 43.3 Mayall | +0.4] +0.4 
1930 Oct. 2.4984.. 7 20 50.35 +21 5142.3 | Nicholson | “0.9 +o.2 


observation by the barycentric elements is Aa=+9"%9, A6=+0"8. 
The residuals from the orbit of Bower and Whipple are Aa = —112"5, 
Aé = — 252.3 These indicate the order of the corrections due to per- 
turbations which should be applied to their search ephemeris. 


II. DETERMINATION OF THE MASS OF PLUTO 
The mass of Pluto may be determined from its perturbations on 
Neptune and Uranus. A recent paper by J. Jackson‘ on “The Orbit 
t Lick Observatory Bulletin, 15, 35 (No. 427), 1930. 
2 Nature, 126, 485, 1930. 3 Harvard Announcement Card, No. 142, 1930. 


4 Monthly Notices of the Royal Astronomical Society, 90, 728, 1930. 
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of Neptune” gives a summary of the differences between the ob- 
served longitudes of that planet and those computed from New- 
comb’s elements. With this convenient summary available a solu- 
tion for the mass of Pluto from its perturbations on Neptune was 
readily made. Normal equations were formed from the twenty-two 
observation equations which Jackson used, with the mass of Pluto 
added as a fifth unknown. These equations then read 


Ax\=a+fi+y cos g+6 sin g+mp, , 


where ¢ is the time in centuries from 1870.0, g the mean anomaly of 
Neptune, m the mass of Pluto in units of the earth’s mass, and p, 
the perturbation in \ which Pluto would have produced on Neptune 
if its mass were unity. The origin of time for both ¢ and ~, was 
chosen as 1870.0, since that was near the middle of the series of ob- 
servations on which Newcomb’s orbit of Neptune was based. The 
values of p, are given in Table IV. Corresponding values for pg, the 
perturbation in 8, are also included in Table IV. The magnitude of 
the perturbations in latitude at the present time is such that their 
inclusion might have improved the determination of the mass of 
Pluto, but since no homogeneous series of observations of the lati- 
tude of Neptune was immediately available, they were not used. 

A least-squares solution of the twenty-two observational equa- 
tions, with equal weights, gave 


mM=0.94 $0.25 
a=—0"72 y= +0763 


B=—0718 6=—0%25 


Since the observation equation for 1795 is based on two predis- 
covery positions by Lalande, while the others are the means of sev- 
eral observations made during four-year intervals, there seems to be 
sufficient reason for assigning less weight to the equation depending 
on Lalande’s observations. 

A second solution was therefore made, with zero weight assigned 
to the doubtful equation. 

The solution of the normal equations based on the remaining 21 
observation equations is nearly indeterminate. Values of m ranging 
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from o to 1.5, with values of the other four unknowns to correspond, 
represent the observation equations almost equally well. The residu- 
al for the mean of Lalande’s observations is —6”2 with m=o, o”o 
with m=o.9, and +3”5 with m=1.5. 

The solution for the mass of Pluto from observations of the longi- 
tude of Neptune depends, therefore, on the observations of Lalande 
and indicates that if the mass of Pluto is less than 0.6 or greater than 
1.3, Lalande’s observations are in error by more than 2”, or else the 


TABLE IV 
PERTURBATIONS OF PLUTO ON NEPTUNE 
ASSUMED Mass oF PLuTO=1.0 EARTH 











Date | py bp Date | Py | bg 

ny OO ene | —o%82 | —o%02 || 1864............ | +o"or 0”00 
Pee ioe ens | — .69 + .09: fj 1868..........4. | + .00 .00 
BOOM ae rcwions ki cs eee ee Weis sib ence tor | + .00 .00 
2.2. ORAS ne | — .45 | + .19 U7 Nee Paap nae | + .o1 .0O0 
CT 2 en aoe | — .34 ope BBO BORO. coke crack an | + .03 .00 
1816 | — .24 | a. a eer eee | + .05 + .o1 
i. |} = .14 | + .1 RENO rs aiact or sroree + .07 + .03 
Sioa ceed | — .0o7 | + .06 | + .08 + .04 
ah pica aeeces | ~ 8 | + .o8 ff T8g6....~....... + .05 + .04 
he ee eee ae | -+- .04 me OH It WOOG ese rac cces |} — .02 + .o1 
BOAO, Fic ie whi =. 00 | — .06 | IQUE icnece ews / =e — .08 
PRA Rs Ooeci cache | - .Oe | = .oF MOO ace ce waeK | — .33 — 320 
i.) eee i oe ee ey | bs) eee oe | — .58 | — .35 
ES, lean eae ee | + .08 | — .07 NO sie: —0.90 | — .54 
BORD. 6 clacin eens | + .066 | — .06 Oe See | —1.23 | — .977 
OL | + .o4 | — .04 OOM is nek aes | —1.57 | —0.96 

| | | 1.09 


BROS icin's.o3 25 | +0.02 | —O.01 | BOGUS 5 scenes | —1.93 


residuals of the other observations are larger than those given by 
this solution. Such a dependence on the early observations in prob- 
lems of this sort is to be expected, according to E. W. Brown.* 

The corrections to Newcomb’s orbit of Neptune obtained from all 
twenty-two equations are appreciably smaller than those derived by 
Jackson on the assumption of no unknown perturbing masses. The 
residuals of each observation equation given by Newcomb’s orbit, 
by the solution which includes Lalande’s observations, and by 
Jackson’s orbit of Neptune are given in Table V. The third column 
of the table gives the corrections due to the mass factor, which are 
obtained by multiplying ~, from Table IV by 0.94. 


* Proceedings of the National Academy of Sciences, 16, 364, 1930. 
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In his paper Jackson says: 

It may be worth pointing out that the existence of a disturbing body would 
be shown by the residuals running through two complete cycles in the interval 
covered by the observations. When we analyse the residuals in longitude to 
correct the elements we really have four disposable constants, and the natural 
effect of attempting to fit the observed and computed longitudes (if a disturb- 


TABLE V 
RESIDUALS FOR NEPTUNE IN LONGITUDE 


| | 





| | 
Date | HX | Corr. for O-C O=C Fourt h Col. _ 

Newcomb Pluto Jackson | All Equations | Fifth Col. 
<tr | —2%os | —o%80 | -o'12 | —otor | —o'1 
MS os a asses —0.27 | > SS | oe. | — .o9 | + .36 
LO ae + .26 + .06 + .61 + .390 | + .22 
TOROS Sites oo | + .07 | + .04 | + .27 | + .15 + .12 
FAGO... oss. | - 32 | +. | =. oa... + .o1 
ae — .37 > oO } -— +6 — .32 | — .09 
Re a a oe: | .00 | + .16 — .16 
RS Wess wise | — 30 | OO. | — .46 | — .26 | — .20 
TPO felons a0 | + .20 | + .o1 me ) ae — .21 
ee | + .32 + .03 + .19 , a | — .20 
as — .36 a, a — .40 — .26 | — .14 
~  s i = ge | ssey | = #2 | =— .47 | = 6 
gBos........1 + .95 | + .08B | + .8 | + .4s + .03 
18096 ns — .28 | + .o5 | + .14 | + .0% + .10 
ee 1 — .02 — II — .28 | = ee 
oS | —0.72 | — .14 + .18 | — .02 + .20 
ees —1.03 — .31 + .16 — .05 + .21 
hh 2a —1.28 | — .55 + .20 | + .06 + .14 
ORO. s-5 cin os —1.7!1 | —0.85 + .09 + .03 + .06 
a a =~ 936 5/80 — .10 — 53 (lee 
BRR og oo ee? ae +6 | = ae Ff wade 
eee —2.92 | —1.81 —0O.14 | +0.10 | —0.24 

RES ns) a Ni ay Mere Re OR cat AY Sie Seem ane Le 
i Picci ter aie Pees abeca 1.80 | Geer eed oe weds 


ing body is present) is to make the residuals vanish four times in the interval 
covered by the observations. This is very clearly shown in the residuals Lever- 
rier found after making the best fit for Uranus, and the fact that a similar series 
of residuals is not found in the case of Neptune indicates that the effect of such 
outside bodies as may exist does not exceed the error of observation.' 


In order to exhibit this effect the residuals from Jackson’s orbit 
are plotted in the upper part of Figure 1. The continuous curve is 
the difference between Jackson’s corrections to Newcomb’s residuals 
and the corrections including a mass factor of 0.94 for Pluto. These 
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ORBIT AND MASS OF PLUTO II 


differences are given in the sixth column of Table V and may be 
obtained by subtracting the fifth column from the fourth. They may 
be thought of as a smooth curve drawn through Jackson’s residuals, 
which are comparable with the residuals of Uranus found by Lever- 
rier before the effect of Neptune was taken into account. These 
residuals of Uranus, which are also given in Jackson’s paper, have a 
maximum range of 31” compared with the range of 0760 found in 
the smoothed curve for Neptune. The probable error of the mean 
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Fic. 1.—The residuals of Neptune in longitude. Above, those derived by Jackson 


with no perturbing masses assumed; below, those remaining after correction for per- 
turbations by Pluto based on a mass of 0.94 (earth=1). 


of the observations of Neptune combined in four-year intervals, as 
used in these solutions, is +0718. The residuals of Neptune when a 
mass of 0.94 for Pluto is introduced are given in the fifth column of 
Table V and are plotted in the lower part of Figure 1. 


The mass of Pluto can be determined more accurately when its 


perturbations on Neptune have reached a maximum and when the 
perturbations in latitude are considered. Although the maximum 
perturbations by Pluto on Uranus are smaller than those produced 
on Neptune, they may yield a more reliable value of Pluto’s mass 
because at the present time Uranus has been observed at more con- 
junctions with Pluto than has Neptune. The photographic magni- 
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tude of Pluto has been estimated from 15 to 16 by various observers. 
A single comparison with the North Polar Sequence made with the 
60-inch reflector gave 15.5. Preliminary observations with a yellow 
color-screen indicate that the color-index is at least one magnitude. 
The visual magnitude, therefore, probably lies between 14.0 and 
14.5. If Pluto has a density equal to that of the earth and if it re- 
flects like the moon, a visual magnitude of 14.0 would correspond to 
a mass two-thirds that of the earth; for a magnitude of 14.5 the 
mass would be one-third that of the earth. If the mass of Pluto is 
more than two-thirds that of the earth, the density must be higher 
or the albedo lower than any yet determined in the solar system. 
Although Pluto may differ radically from other planets in these re- 
spects, a consideration of its magnitude favors the lower limit of the 
mass derived here. Until further evidence becomes available, it may 
be accepted as probable that the mass of Pluto is of the order of 
two-thirds that of the earth. 

Note.—While the preceding article was in press, a paper by F. Zagar' was 
received. His results for the orbit of Pluto, after taking into account the per- 
turbations of the four major planets, are in substantial agreement with those 
given here. 

CARNEGIE INSTITUTION OF WASHINGTON 
Mount WILSON OBSERVATORY 
November 1930 


t Astronomische Nachrichten, 240, 335, 1930. 














TEMPERATURE CLASSIFICATION OF THE STRONGER 
LINES OF COLUMBIUM, WITH PRELIMINARY NOTES 
ON THEIR HYPERFINE STRUCTURE’ 

By ARTHUR S. KING 
ABSTRACT 

The paper gives the temperature class, the ionization, and a preliminary discussion of 
the hyperfine structure of 646 of the stronger lines of columbium between A 3100 and 
\ 6900. The results were obtained by comparing electric-furnace spectra at tempera- 
tures of about 2500° and 2g900° C with the spectra of the arc and spark. Approximately 
200 lines appear in the furnace spectrum, but many neutral and all of the ionized lines 
require higher excitation. Much variation in response to excitation was found for lines 
in both groups. 

Of special interest is the large proportion of columbium lines having hyperfine structure. 
Of the lines listed, about 4c per cent are evidently complex. The patterns, for the most 
part unresolved, appear to consist usually of two, four, or six components, with some still 
more complex. As the wave-length increases, the spacing of hyperfine patterns becomes 
in general wider. Lines of complex structure occur in all temperature classes. 

The data presented in this paper cover the stronger lines emitted 
by the columbium arc from \ 3100 to A 6go0. Of these, the pro- 
portion appearing in the electric-furnace spectrum is smaller than 
for other elements which have been studied, probably in large meas- 
ure because of the high vaporization-point of the metal. The lines 
of the ionized atom, selected by a comparison of arc and spark spec- 
tra, are beyond the reach of the furnace excitation, and only those 
which attain considerable strength in the arc are included in the 
present discussion. These and the neutral lines of sufficient strength 
to be expected in the furnace spectrum were selected from a very 
large preliminary list. All lines below intensity 8 were omitted. 

To the difficulty arising from the faintness of the furnace spectrum 
is added that caused by the masking of many columbium lines by 
the carbon bands (from the graphite tube), which are strong at 
temperatures required for the vaporization of the metal. The results 
give, however, the behavior of the more sensitive lines in both the 
ionized and neutral spectra, the degree of excitation required for the 
latter being indicated by the furnace intensities. 

t Contributions from the Mount Wilson Observatory, Carnegie Institution of Washing- 
ton, No. 410. 
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EXPERIMENTAL METHOD 


The spectrograms were made with the 15-foot concave-grating 
spectrograph, the second-order spectrum (scale, 1 mm=1.86 A) be- 
ing used to the violet of \ 5400. The graphite tube of the vacuum 
furnace was charged with powdered columbium and heated, for the 
high-temperature stage, to 2800° or 2900° C. Another series of fur- 
nace spectrograms made at 2400°-2500° was used to determine the 
persistence of the furnace lines. 

In addition, a large collection of arc and spark spectrograms was 
made, to serve for the selection of ionized lines and for measurement 
of the columbium wave-lengths from iron standards. The electrodes 
used to obtain these spectra were of highly purified columbium pro- 
cured from Dr. C. W. Balke, of the Fansteel Products Company, by 
Dr. W. F. Meggers, of the Bureau of Standards, and kindly loaned 
to the writer. 


EXPLANATION OF THE TABLE 


The wave-lengths in the first column of Table I are on the inter- 
national system, converted from the values of Exner and Haschek,’ 
with some wave-lengths, usually of close doublets, measured by the 
writer. The second column gives the estimated arc intensities, none 
of which is less than 8. Partial reversal, observed for a few arc lines, 
is indicated by r. The furnace intensities in the third column are for 
the high-temperature stage, 2800°-2900° C. The frequent question 
marks in this column indicate uncertainties arising from blends with 
foreign lines, usually those of the carbon bands. The temperature 
classes in the final column are based on the strength of the lines 
in the arc, in the high-temperature furnace, and in the furnace at 
about 2400° C, data for the last not being entered in the table. 
Lines of the ionized spectrum, none of which appears in the furnace, 
are placed in class V E. An asterisk (*) after a wave-length refers 
to a note at the end of the table. 

The probable number of hyperfine components, when the line is 
evidently not single, is indicated by an Arabic numeral following the 
class number. The significance of these component-numbers is given 
in the discussion of this feature of the spectrum. 


t Spektren der Elemente, 2, 1911. 
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* See notes at end of table. 
t Reversed in spark. 
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TABLE I—Continued 
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d aamneie! nena N eam ——| We 
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TABLE I—Continued 
INTENSITIES CLASS | INTENSITIES CLAss 
i sa No. N an ee i No. 
Arc | Fur. Comps. Ave | Fur, Comps. 
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NOTES TO TABLE 
3175.80 Violet triplet resolved in arc 
271.98 ; 
oaree > Measured by writer 
3272.07 ) 
291 .QI } ‘ 
3791-9 > Measured by writer 
3292.00 } 
3299.62 Chi line to violet 
3319.25 Blend Chu, Chr 
3326.61 Chir line to violet 
3349.51 Measured by writer 
3309.21 Chit line to red 
3433-11 Faint line to red 
3436.96 Cbirline to violet 
63.68 
343 Measured by writer 
3463 . 80 } 


3405.85 Blend strong Fe line 
3497.78 Blend strong Fe line 
26 May be blend with Cb1 line given in Meggers’ multiplet 


3510. 


3543-91 | 
3544.01 
3554-52 | 


3554 


c¢ : ) 
3593-49 | N 
3563. 
3037 .84 
3674.77 


> Measured by writer 
) 


> Measured by writer 
.65 J 


' Measured by writer 
60 } y 


3703.16 Slightly enhanced 


Cb m line on red edge 
Probably pair of complex lines 
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NOTES TO TABLE—Continued 
3704.15 Slightly enhanced 
3709.43 Six-component Cb 1 line to violet 
3713.79 Chri line to violet 
3716.19 Blend Cb 1 (violet), Cb1 
3740.73 Measured by writer 
3740.84 ) 
3766.15 Measured by writer 


3770.89 Chir line to violet 

3790.46 Equal strength in arc and spark 

3801.27 Measured by writer ® 
3862.93 Measured by writer; Cb 1 line at \ 3863.05 
3871.19 Measured by writer 

3878.84 \ Measured by writer 

3878.95 ) 
3883.14 Measured by writer 
3922.32 Faint line to violet 
itt ed Measured by writer; \ 3966.29 slightly enhanced 
4311.33 Faint line to red 

4749.60 Components partially resolved 

4766.81 Blend Cb1, Cbu 

4810.57 Components partially resolved 

4848.27 Components partially resolved 

5276.13 Components partially resolved 

5671.06 Components partially resolved 

5776.08 Measured by writer 

5819.49 Very faint if present 

5998.03 Very wide pattern 

6660.76 Very wide pattern; probably more than six components 


FEATURES OF THE CbI SPECTRUM 

Five hundred and seventy-eight of the 646 lines given in Table 1 
belong to the neutral spectrum; 172 of these appear in the furnace 
spectrum with sufficient clearness to be assigned intensities; 33 
others, very strong in the arc, are masked by foreign lines, usually 
belonging to carbon bands, and their presence is questioned in the 
furnace column. In general, the stronger neutral lines of the arc ap- 
pear in the furnace, but an excitation considerably higher is evident- 
ly needed to bring out the complete neutral spectrum. The inten- 
sities of lines appearing at the low-temperature stage were estimated 
and used in the assignment of lines to temperature classes. These in- 
tensities were usually about one-third of those of the high-tempera- 
ture stage, and to save space have been omitted from the table. 
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Certain outstanding groups appear, the lines of which are very 
strong in the arc, but show also in the furnace with considerable 
strength, and usually go into class III. Because of the absence of 
reversed lines and of the difficulty in producing the furnace spec- 
trum, no lines are placed in the low-temperature classes I or II. 
Many lines obtained only at the highest temperature are placed in 
class IV. Among the numerous neutral lines in class V are some 
which are very strong in the arc but fail to appear in the furnace. A 
large proportion, however, being of moderate arc intensity, are 
scarcely to be expected in the furnace, by reason of the high excita- 
tion required for the columbium lines. This consideration rendered 
it useless to include the fainter lines of the arc spectrum. 

A beginning in the analysis of the neutral lines was made in 1924 
by Meggers,’ who found three multiplets, and later Meggers and 
Kiess? gave two more, as well as several multiplets of Cb 1. Almost 
all of the 56 lines of these neutral multiplets appear in the furnace 
spectrum, and half of them show at the lower furnace temperature. 
All are to the violet of \ 4218. In one of these multiplets are found 
the three ultimate lines of A.de Gramont’— )A 4059, 4080, and 4101— 
which are the strongest lines, both of the arc and furnace spectra, in 
the region examined. 


FEATURES OF THE Cb Il SPECTRUM 

The arc and spark spectra of columbium were photographed dur- 
ing this investigation as far as \ 2650. The ionized spectrum is very 
rich in the ultra-violet, many of its lines being strong enough in the 
arc above X 3100 to be included in Table I. Some of these, though 
beyond the reach of the furnace, evidently are from low levels of the 
ionized atom, as they reverse widely in a strong spark. Many of 
the weaker Cb 11 lines are as yet unmeasured. To the red of X 3500 
the ionized lines become more scattered, and the spectrum above 
d 4100 is chiefly made up of neutral lines. Some spark lines, usually 
of hazy structure, have not appeared in the arc spectrograms and 
may belong to the doubly ionized spectrum. Considerable variety 


t Journal of the Washington Academy of Sciences, 14, 442, 1924. 
2 Journal of the Optical Society of America, 12, 417, 1920. 


‘omples rendus s Q20. 
3 Comptes rendus, 171, 1106, 1920 
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in the relative intensities in arc and spark appears among the ionized 
lines, and much may be learned as to the relative energy-levels of 
Cb 1 lines from a comparison of arc and spark spectra. 


HYPERFINE STRUCTURE 

A conspicuous feature of the columbium spectrum is that a large 
proportion of the lines are by no means sharp, but show, even under 
low excitation, the definite spreading which characterizes hyperfine 
structure. Only preliminary data on the extent and character of this 
phenomenon are now available, as a proper examination will require 
apparatus of high resolution. The figures after the class numbers in 
the table indicate, for lines clearly complex, the probable number of 
hyperfine components according to the present spectrograms. The 
components of the columbium patterns are so densely spaced, how- 
ever, that these figures, for the most part 2, 4, or 6, are useful mainly 
as an indication of the relative widths of the patterns, since resolu- 
tion, even of the wider-spaced components, was obtained for only a 
few lines. Of the 646 lines in Table I, 268 show clear evidence of 
hyperfine structure, and 57 of these have widths indicating at least 
six components in each case. For the few patterns showing partial 
resolution, the spacing of components is graduated, with the wider 
intervals on the violet side. These resemble the patterns of praseo- 
dymium," except that some of the latter are graduated in the oppo- 
site direction. 

Both neutral and ionized lines of columbium show hyperfine struc- 
ture, and in neither group is its presence confined to lines requiring 
high excitation. An interesting instance of variation in structure 
among lines in the same multiplet is shown by the ultimate lines 
mentioned above—aAd 4059, 4080, 4101. The widths of their pat- 
terns, apparently of six, four, and two unresolved components, re- 
spectively, remain unchanged at the lowest furnace temperature. 

Toward the red the average width of the columbium patterns 
increases. In the violet, complex lines have their components closely 
spaced, the total width of a six-component pattern being less than 
o.2 A. In the green the greatest line-widths are about 0.33 A and 


‘King, Mt. Wilson Contr., No. 368; Astrophysical Journal, 68, 194, 1928; H. E. 
White, Physical Review, 34, 1397, 1929. 
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comparable with those of praseodymium in this region; while in 
the red, widths near o.5 A are found, although the first-order spec- 
trograms show little resolution. The widest line observed in the spec- 
trum is \ 6660.76, with a total width of about 0.75 A. 

To resolve the columbium patterns will require an examination 
with the higher orders of the 75-foot spectrograph on Mount Wilson. 
Some preliminary spectrograms, made with a plane grating of in- 
sufficient size, gave partial resolution of a few of the wider patterns 
and showed the instrumental requirements for a detailed study. 
Several of these very wide lines showed in each case three compo- 
nents distinctly resolved, and these three made up less than half 
the total width of the line. Since the remainder of the pattern should 
consist of at least five closely spaced components, the wider lines of 
this element may be expected, if sufficient resolution is attained, 
to show eight or more components. 

CARNEGIE INSTITUTION OF WASHINGTON 


Mount WILSON OBSERVATORY 
October 1930 











A COMPARISON OF THE REVISED HARVARD PHOTO- 
METRIC AND THE INTERNATIONAL PHOTOVISUAL 
SYSTEMS BETWEEN THE SIXTH AND THE TENTH 
MAGNITUDES 

By R. S. ZUG 
ABSTRACT 

The photovisual magnitudes of 297 stars have been determined with a probable 
error, +0.04 mag., on the International photovisual system, from photographs made 
at the Yerkes Observatory with the F. E. Ross 3-inch photovisual camera. 

A comparison of the adopted photovisual with the corresponding photometric 
magnitudes from the revised Harvard photometry, Harvard Annals, 54, 1908, yields 
the color-equation and scale-difference of the revised Harvard photometry (4-inch 
photometer only) with respect to the International photovisual system. 

The color-equation, Pv—Ptm, was found for the spectral types Bo, Ao, Fo, Go, Ko, 
and Mo to be +0.02, 0.00, —0.04, —0.09, —0.19, and —o.32 mag., respectively. The 
scale-differences, Pu—Ptm, at the Harvard photometric magnitudes, 6.5, 7.5, 8.5, and 
g.5, were found to be 0.00, +0.12, +0.22, and +0.30 mag. 

The relation between the Harvard visual (in this article desig- 
nated photometric) and the International’ photovisual systems of 
magnitude was discussed in 1924 by Dr. Frederick H. Seares.? The 
standard photovisual magnitudes of the polar stars were compared 
directly with the corresponding Harvard visual magnitudes for these 
stars. In the present paper, the International photovisual magni- 
tudes of 297 stars are first determined, and then compared with the 
corresponding photometric magnitudes from the supplement to the 
revised Harvard photometry, Annals of the Harvard College Observa- 
tory, 54. The present investigation covers only the interval from 6.5 
to 10.0 mag. This interval is substantially that of the 4-inch merid- 
ian photometer of the Harvard College Observatory. The spectral 
types from the Henry Draper Catalogue are used as measures of 
color of the stars. The types of a few stars were taken from the 


Harvard Bulletin, No. 871. 


* Transactions of the International Astronomical Union, 1, 69, 1922. 

2 Contributions from the Mount Wilson Observatory, No. 288, 1925; Astrophysical 
Journal, 61, 284, 1925. 

3 Seventy-five of the 297 photovisual magnitudes of the present list have been copied 
from F. E. Ross and R. S. Zug, ‘‘Magnitudes and Colors of the Eros Comparison Stars,” 
Astronomische Nachrichten, 239, 289, 1930. The remaining 222 result from a further 
utilization of the same photographs from which the magnitudes of ibid. were determined. 
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The 25 fields in which the magnitudes are investigated extend 
from 5 to 10.5 hours in right ascension, and from +47° to —17° in 
declination. Although the regions are not widely distributed over the 
sky, the investigation is believed to have yielded useful information 
concerning the relation of the Harvard photometric to the Inter- 
national photovisual system in regard to color-equation and scale- 
difference within the interval studied. 

The 3-inch F. E. Ross photovisual camera of focal length 532 mm 
of the Yerkes Observatory was used in securing the photographs 
utilized in the present investigation. A filter of medium-yellow Jena 
glass, No. 4351, 3.5-mm thick, with plane surfaces accurately figured 
by Petitdidier, is placed before the objective. It transmits light of 
wave-length \ 4950 or longer, and cuts sharply at that point. The 
use of this filter with Cramer instantaneous isochromatic plates gives 
a spectral range from \ 4950 to A 5900, which is practically identical 
with the region utilized at Mount Wilson (AX 5000-5900) in de- 
termining the photovisual scale of the north polar sequence which 
was adopted by the International Astronomical Union as standard. 
Since a much larger difference in spectral sensitivity must exist to 
effect a noticeable change in color, we can assume the two systems 
to be the same in respect to color.’ 


DETERMINATION OF THE PHOTOVISUAL MAGNITUDES 


Fifty photographs? of the 25 regions mentioned are available for 
the determination of the photovisual magnitudes. These photo- 
graphs were made on nights when the transparency was exceptional- 
ly good, and presumably uniform over the sky. Each plate received 
a 20-minute exposure on the field in question, and two exposures of 
the same duration on the polar sequence, taken immediately before 
and after the exposure on the field. The exposures on the fields were 
made during such intervals that at each mid-exposure the field was 
at the altitude of the pole, thus practically eliminating errors due to 
atmospheric extinction. In the reduction of the magnitudes, dif- 

* Astrophysical Journal, 61, 285, 1925. 

2 These photographs were taken originally for the determination of the photovisual 
magnitudes of 636 Eros comparison stars of the list of A. Kopff. Similar photographs 
were taken simultaneously with the 3-inch F. E. Ross photographic camera for the de- 
termination of the photographic magnitudes. 
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ferential extinction was allowed for according to the tables of H. L. 
Vanderlinden.* 

The two images of each of the polar stars and the single image of 
each field star were measured by comparison with a scale of graduat- 
ed images. The scale used for the majority of the plates contained 23 
images. The gradation in size of image was such that the interval 
between successive images corresponded to about 0.20 mag. Esti- 
mates were made to the fifth-of-a-scale division, or to 0.04 mag. 
After measurement of a plate, the mean scale-reading of each polar 
star was plotted against the corresponding International photovisual 
magnitude. The resulting smoothed curve was then entered with 
scale-readings of the field stars to obtain their magnitudes. The final 











TABLE I 

Star | Pv Mag. (| Star Pv Mag. | Star | Pv Mag. 
ie ate corte Sosie | 6.30 Sere hh. a Lee | 9-77 
Rd ahetastte ns atau | 6.32 iy RR ss %.a0-vis bats 8.27 a Se pare | 9.83 
SS eee a a & Aree . 23a6z Be sh 2 8 ass a 9.87 
err 6.45 BOR a sie 9 elites a0 8.83 BE Sear | 10.00 
Diss. e ccd = es ines 7.00 MN cain digits ae 9.06 Ee csiy nero 10. 37 
- oe Pe | 7.85 ) OFr.......... | 9.24 || 8r. | 10.46 
MSs Sarva aie Aare 757 |] TE.....----.-] 9.50 1) SP Beer 10.56 








magnitude of a field star then resulted after correction for differential 
atmospheric extinction and for distance of the image from the center 
of the plate. 

Theoretically, in the construction of the reduction-curve, scale- 
reading against photovisual magnitude of the polar stars, the mag- 
nitudes should first be corrected for distance of image from the center 
of the plate, and for differential atmospheric extinction. However, 
these corrections were found to be negligible for plates taken with the 
F. E. Ross camera, the sequence of stars all being comparatively near 
the pole, and they were disregarded. Table I gives a list of the polar 
stars used in forming the reduction-curves, with the corresponding 
photovisual magnitudes recommended by the International Astro- 
nomical Union. 

The adopted photovisual magnitudes are given in Table II with 
other convenient information. Column 1 gives the current number 


t Annales de l’Observatoire de Belgique, 3. 
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TABLE II 



































| | | | 
No. | B.D. a1goo 6 1900 | Sp. Cl. | Ptm Mag. Px Mag. Fr faa be 
| 

Rk Te 5h18" |+45° 8’ Ao | 8.47 8.59 | +12 
2.. =| 1270 19.9 43 55 Ko | 7.84 7.30 —48 
= Ue | 1272 20.4 4317 | Ao | 6.75 6.71 —4 
4... .| 1206 20.7 4450 | Ko | 7.72 7.76 + 4 
es 1126 22.8] 45 44 Ko | 8.20 8.29 +9 
6.. 1317 25.2 2 20 Fo | 7.88 8.19 +31 
| See 1298 21.9 2 12 G5 6.76 6.65 —II 
ee | 1131 25.3] 45 28 F8 7.82 7.96 +14 
SERA 1132 25.3 45 25 Gs 7.92 8.08 +16 
ees! 1023 25.7 46 48 Ao 7.54 7.84 +30 
ee ae: 25.9] °45 9 Ko | 8.42 8.53 +11 
ob eee 1232 26.5 44 43 F5 | 7.82 7.80 — 2 
Ecos} Geez 26.8 45 II Bo | 8.47 | 8.45 — 2 
Fee | 1301 26.8 43 52 Bo | 7.18 7.24 + 6 
re oe 28 43 11 Gs | 7-341| 7:33 | —12 
..-.5 , Fe 28.2 45 10 Fo |} 9.17 9.23 | +6 
i a ee 1247 | 28.9 44 15 5 | 939% | Fg +14 
See teal E252 | 30..2 44 32 Gs 7.48 7.20 —34 
IO:...-.| BES | 35.7 45 2 G5 | 8.12 8.06 — 6 
FO oh al 1325 | 32.8 43 16 C5 7.14 7.02 —12 
Co Cae | £376 35.1 43 00 B3 | 6.99 7.16 +17 
22... 1270 ey 44 48 | Az | 7.6% 7.50 — 8 
BG ia.)  aaae 37-0 | 43 31 G5 7.70 7-76 +-'6 
ote aes 1052 40.8 46 40 | Ko | 7.10 7.08 — 2 
2%... | 1362 43-4| 4359 | A2 | 7.45 7.62 +17 
20.. 1296 43.6 4455 | Ko | 8.67 8.72 + 5 
a: . 1000 44.9 46 46 | Ko 7.68 7.74 + 6 
28. 1300 44.0: | 44.556 ho. occa} BOVE 10.37 +20 
20... 1310 47.8 AGO be. as ee 9.72 Q.11 —O61 
30 1214 | 48.8] 4742 | Bo | 7.590 7-77 +18 
L? aoe 1205 | 50.2 45 53 | G5 | 6.56 6.65 +9 
Ly 1209 50.6 45 6 Ko | 8.27 8.13 —4 
eee 1216 52.0 45 37 | Ao | 6.60 6.89 +29 
34.. 1075 a) osm | Be + #8 7-57 +33 
B6i: 122 53.6 45 10 | F8 . see 8.51 +14 
ccc) Oe 33-9} 45 10 | Ao | 7.57 7.07 +10 
| | 1230 55-9 | 45 2 “5 | 9.42 9.99 +57 
ee 57-1 | 45 34 42 |) 7.18 7-35 +17 
i, Cann 1OQI 57-2 | 46 33 | B3 | 6 98 7.20 +22 
40. 1353 | 57-2 | 44 16 F8 | 659% 6.79 + 8 
41 1247 | 6:00.8 45 4 K2 8.42 8.27 —15 
2 1248 | 0.9] 45 33 mo | 792 7-45 +13 
43.. | 110s | 2.8] 46 46 Ko | 7.18 7.18 re) 
44.. | 41261 | 3.7 | 47 55 A2 | 6.84 6.80 —4 
45. | 1381 3-9] 44 58 Gs | 7.52 7.51 4. 
46. | 1383 4.2 44 10 | A2 | 7.52 2.6% iB I 
om 1257 4.5 45 3 Bo $37 8.58 | +21 
ee 1259 4.9 45 5 Ko 8.57 8.55 — 2 
|) ere 1390 6.5 44 47 Ko | 93 7.64 — 8 
50.. 1399 7-4| 4437 | A5S | 8.07 8.06 eae 
51 | 411g | 7.6] 46 25 B8 7.28 | 7.58 +30 
52 | rai 9.8 | 46 4 As "44 | 7:06 +22 
53 | 1281 9.9| 45 53 K2 | 7.67 | 7.66 | — I 
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TABLE IIl—Continued 
LS — — = — ———— —— — —_ a nen = 
li = gis ’ Pv—Pim 
. No. B.D. a Igoo 5 1900 Sp. Cl. Pim Mag. Pv Mag. Mag. (100) 
Ly 1285 6br1™6 |-+47° 25’ F5 7.00 6.92 — 8 
Re eto 1288 14.0 45 9 Ma 8.77 8.63 —14 
Ee alias A 1289 14.4] 45 40 Ko 7 ae Ae —20 
i Soren 1135 15.0 46 13 \2 7.26 7.30 + 4 
ee 144! 18.1 MBE Nie ddets oc 9.47 9.55 + 8 
OB ch Se 1442 18.9 44 47 Bo 7.07 8.11 + 4 
ee 1445 19.4 44 52 K5 8.92 8.91 — I 
oe | 1387 19.9 48 51 F5 7.29 ee +12 
ch See 1456 21.8 44 57 Bo 8.57 8.91 +34 
ieee 1310 ae. 4)) 4% K5 7.14 7 ap -— I : 
A 1157 25.8 460 34 B8 6.78 7.05 +27 
Oar tains | 1315 26.0 MEN Ns siesta eves sie 9.52 9.67 +15 
66......} 1490 28.9 44 48 F5 8.82 9.43 +61 
Si... OS 31.7] 44 59 K5 Q.12 9.32 +20 
ae 1508 32.8 | 44 57 \2 9.17 Q.O1 —16 
Bes cote 1509 33.0 44 25 G5 6.82 6.75 —7 
ee eS 34.4 | 47 53 \2 7-54 7.58 + 4 ] 
; ee, 35-1 | 47 51 Fs 7:39 7-36 + 9 
ie ee 1517 35.8 44 506 F8 9.32 q.s1 +19 
are 1519 36.3 | 44 50 Ko 9.37 9.54 +17 
) Se 1525 37-5 | 44 37 G5 6.80 6.75 “5 
7h Oe I1g2 42:61 46 17 Ko 7.30 7A —16 
Oe eae 1197 44.3 46 38 Ko 7.56 7.40 —10 
1 1568 47.1 49 1 A3 6.87 6.95 + 8 
:. oe 1556 49.7 44 48 K5 8.22 8.01 —2I1 
OP cio 1457 50.4 48 38 Ao 7.85 8.13 +28 ) 
ee 1460 52.2 48 45 Ko 7.45 7.49 + 4 
See 1569 54.8 | 44 36 Ko 7.52 6.91 —21 
Bes cts 1386 56.4] 47 25 F8 7.62 7.85 +23 
aoe 1388 56.6 47 13 F5 7.04 7.00 + 5 
Bae aie 1383 56.8 45 13 Fo 7.62 7.65 + 3 
a ee 1387 58.8] 45 I Ks 8.17 7.84 — 34 
BO 45s 1577 58.9 | 44 46 Ao 9.27 9.42 +15 
ee ae 1584 7:00.9 44 II G5 6.95 6.69 — 26 i 
Bie ticrr 1394 3.6 45 25 Ko + Fei 7.69 — 8 
BO tts wos I4II 5.8 47 48 AS 6.62 6.66 + 4 H 
Fs ae 1413 6.1 47 27 F2 7.08 6.97 —II ‘ 
7 eee 1404 7.5 BS eh osreaes 9.47 9.57 +10 
ini: 1408 8.4 45 35 Ko 6.69 6.59 —I10 
er Atlee 1410 8.6 45 24 \2 8.22 8.42 +20 
ES eae 1420 9.0 47 49 A2 7.44 7.67 +23 
Bee vise 1415 10.8 45 18 F2 7.62 Ome —7 
DO way oa 1610 10.8 44 46 K2 g.17 9.18 + 1 
Q7...-.. 1430 17.7} 45 3 Ko 7.82 7.83 +2 
0 ee 1270 20.9 46 43 A2 6.78 6.85 + 7 
er 1535 21.0 48 17 G5 7.88 8.06 +18 ‘ 
DORs esas 1272 21.0 46 29 F5 7.78 8.00 +22 
io, nr 1537 21.4| 48 8 Mb 6.90 6.76 —14 ; 
ee 1273 350 46 33 Ko 6.63 6.49 —14 
“ee 1633 a3 49 5 A2 7.16 7.20 +13 
ite. 3 1282 26.9 46 23 K5 7.28 7.21 —7 A 
Oe 1548 27.3 48 25 A3 | ee © 7.22 + 5 ; 
Eee 1549 yo 48 55 Fo 6.91 6.96 + § 
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No. B.D a 1900 5 Ig00 Sp. Cl. 
ee 1555 763079 |+47° 59’ Go 
108. 1296 33-7 40 51 Ko 
10Q.. 1476 29% 45 36 Ko 
oe 1569 Ry Py, 48 38 Fo 
WEEE os nec 1484 40.1 47 36 Ko 
112 1673 40.9 | 49 37 Fs 
Fis: 1576 41.2 48 2 G5 
he ae 1320 43.2 46 3 A2 
is oe 132: 44.8 46 12 A3 
116. al 1327 46.2 46 1 G5 
$E%... 3) BOOK 51.6 | 48 53 Ko 
TIC... | 1510 52.6 46 53 Go 
119.. | 1507 55-4 | 48 53 65 
T20.. | 1348 86.0:| 45°53 Ko 
121 | ‘%s30 8:00.0 yay A2 
122 | 1612 1.0| 48 28 C5 
23.. | 1545 4.9] 47 14 A2 
124.. | 1621 6.3 | 48 35 Bo 
125.. | 1552 (fo ee ee SA ee 
120 1553 g.1I 47 06 5 
127:. 1560 te 47 20 G5 
128.. | 1568 1.9 45 40 Ko 
129. | 1576 £733 | gs Go 
130 -| 1039 17.9 | 48 5§ 5 
131 | 2586 20.9 yee, ae) ere 
132 | 1399 21.2 | 46 36 Ko 
132. J 1410 23.6 | 46 37 Ko 
i...) I 23.7 | 47 6 5 
135. | 1601 27.3 45 32 Fo 
130. 1592 27.5 47 28 Ao 
ay... | 1765 30.9 Bare Peeks 
138.. 1768 32.2 44 42 G 
139. -| 1769 32.5 | 44 35 Ko 
140 | 1770 32.7] 44 38 C2 
141. | 3654 34.1 45 15 K7 
142. | 1620 34.9 | 45 15 F2 
143. | 1784 38.5 | 44 2 Fs 
144. 1635 39-9 | 44 55 K7 
145. 1642 43.1 45 3 Ao 
140. 1795 45-7 | 44 43 F2 
147. 1803 49-5 | 44 44 Ma 
148. 1458 49.8 460 9 Fo 
149. 1807 50.5 44 49 G5 
Ce 1809 52.2 44 49 Go 
151 1810 52.4] 44 42 F8 
152 1463 52.7 | 46 9 Ao 
153 1831 9302.1 GA Bi cio oe 3 
154 1686 3-3 | 44 53 Is 
155 1688 Ce 45 13 Ko 
156 1843 6.8] 44 43 K5 
rS7 1848 Q.2 44 40 Go 
ee 1807 9.4 | 42 51 Ko 
E50: «:. 1700 12.01 44 51 Mo 
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i Po—Ptm 

Pv Mag. Mag. (100) 
7-77 +18 
8.14 +23 
7.46 —15 
7.72 +23 
7-94 +29 
7-73 nm 
8.16 + 8 
+132 + 6 
6.56 + 3 
7.48 4 
7-45 "9 
8.00 +16 
a4 — 29 
7-95 20 
8.38 +32 
8.09 a 
7.88 +19 
6.890 +14 
9.78 +29 
6.83 —16 
7-47 sae 
8.01 — 9 
7.88 +35 
8.54 +52 
10.90 +28 
7.09 + 8 
8.46 +22 
7-55 +21 
7.80 fore) 
6.63 + I 
9.69 Ss oe 
9.74 +32 
8.39 a 
8.35 +13 
8.66 — 26 
7-90 4 
7-19 er 
Q.O1 —19 
7.99 +27 
9.62 +60 
9.01 +19 
6.89 —4 
7-04 +13 
8.29 +27 
9.17 +30 
6.70 + 9 
9.81 +39 
g.20 +23 
7-25 weg 
8.27 — 5 
9.52 +10 
7.71 —II 
9.97 oo 
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| | | Deen | ‘ Pe Maa | Pv—Pim 
No. | B.D. | a 1Igoo | 5 1900 | Sp. Cl. | Pim Mag. v Mag. | Mas. (100) 
| ee ee se a ae 
eg Been cna Pe ee 7.60 | —11 
agile soe | ere io | Ke | 9 oo) 9.17 | —I0 
1O1...... i 21 ee | , | woe 7 8.01 | +19 
717 8.8 | 45 3 | Ko Sead ie | 
162...... 7 | Ce ee ke PM, Ve eee Mee | ++ @ 
es 1861 18.8 | 44 27 | . a i Pe 
" | ¢ | 20). & 41 28 } K2 | 1:72 | 7-49 | “s 
ae I9gOr | 20-3) | , | Fo | 7.37 7.51 | +14 
es) 1915 | Seek | mae | : ee ts, wien | ge 
6 6 21.4/ 41 38 | F2 | 7.42 7-34 | ia 
106.. | 1903 7 Ko | 8 Fe) 8 48 | — 9 
eee | 1968 | 23.1 | 40 53 | — toon cae 1 aes 
168..... | ee 23-7 | . 6 Ko 6 63 6.58 . 7s 
FOO) .6.<.< 435) 1943 32-9 | 43 30 | 7 3 md | 8 53 | dae 
- 33-1] 43 24 | Ko | 8.37 | 8.53 | 
io) 1044 ds fe Ko } 8.22. | 8.21 ot a 
n7t......| 2033 | 33.4] 42 3% Pee a ome he 
ee | 2253 | 39.9 | 40 17 F2 | Fee tT ae 
oe oe | <.2| 30 25 Gs | 6.96 7.04 | +8 
I73+---- | pene 35-2 per 14 5 | 6 Q2 6 04 — 28 
DAR Ses | = 43 vk Ps Ks | 696 | 6% | — 2 
175.---+-| 2201 44. on F> | 7.81 | 7.84 + 3 
E7O..cs0| '2Ons 45.1 uv i. | 7.62 | 7.88 + 26 
te 2260 45-7 49 5 rly tyata ve =m 
-...) eee 44.3 | 36 21 Ke | 7.99 | 7:26 Be... 
570... . ( 38 2 Fo 6.74 | 6.09 | 2 
ee | 2070 a) ae Fs 7.72 | 7.76 | +4 
8 ne 46.3 | 36 48 | go re! pe 
180.. | | 3 <a K 7.30 | 6.92 | 38 
a 2000 | 40.5 | om ? | ‘ ae 9.70 | +25 
s82......] 2989 49.0 | ci oe aa iceeaed We. . aoe ais 
| > - | rd > | {7-22 
Ses) ae i ie | a te 82 | 06.85 | + 3 
BSG  SBkOE 59-5 | 35 9 | eS | oe | 8.36 besa 
186.... -| 2079 | T0:00.1 | 34 - | ey ee pl 9.00 | + 8 
> 5 e xs « 2 
187......| 2106 od 34 a | G. | 9.60 | 7.56 | +6 
ER caras 2088 2.0 | 34 Ki | sit 98 769 | +7 
| 2089 | 2.9 | 34 44 | ° om — een 
| ae co | s7 | ..-.| 9.72 | 9.83 | +11 
I90......| #113 5-9 | 34 28 aes | 7.40 | 7.25 | —I5 
if..:...) sega 5-3] 30 55 | ae a ee 
192......] 2116 ee ea Se 32 | 7.31 ~% 
| > a Oa A2 7-32 ag 
193..--.-| ee ae 3 | a | K7 | 9-32 | 9.30 | — 2 
> ageless i : | i 24 | Ma 738 | 78h | = 7 
5O5)<4.<.| <@8IO 9 | o | Ge | eae f e6e i +a: 
1960......| IggI 13 rt Go | 09.26 | 9.26 | 00 
re 1994 | 14.1 2 | : Rete a 
‘97 - a | I = 20 44 | FS 9 II 9 13 } + é 
BGO. 6+ +- +f — | de 31 10 | Ko | fal t Sad =» 
ess ee a | 25 s ss | yer |. Fee | +8 
> | 2240 . | “oO . a | = j aia 
200..... 4 ae | 31.23 Ko | 7-57 7-53 | 4 
erase veh aS ‘yp ey Ko | 6.87 6.72 | —15 
a Mires: i Moneys - 2 Gs 7.82 7.95 | +13 
= a ee oe Ko 7.31 7-27 | — 4 
a eee ee ae. hoa 7.81 785 | +4 
| ? 2 - / . 
205.-----| = : | a 26 Ko 8.06 764 | =—i2 
S00... 18Q7 | a I | ar Rohe “3 ~ &¢ g O7 | +21 
| 2238 | 20.3 | 24 36 G5 i pier 
in Neocles Miss ae of . YT 14 Ko 7.QI 7iOg | = 2 
OB iis) ei 2255 20.4 “J | . ~ = ~ | aa a 
ona | 20.6 22 32. | Fo 7-45 i | 5 
a “256 api at Fo 7 16 7.26 +10 
210... 2260 | 20.8 | 24 57 | le | Z I +21 
s - | 28.3 | 23 52 A2 7.10 | 7-3 ’ 
2ET ... 2244 | | . | Fs 7.31 | 7 28 | — 3 
Ty pee 2210 | 28.5 | 2049 | ) eta tty = ae | 
= 5 | | | 
! — 
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l 
B.D. a 1900 5 1900 Sp. Cl. | Ptm Mag. Pv Mag. 6g Bowe 
— - — — —_—_ -__ — — — —_— ——_— —__—_—_ { —— Ss | ——— ————— | —_— ——_— 
2236 tob29ro |+22° 7’ | Ko 7.32 7.25 — 7 
2240 29.9 ar 54 F2 7.65 7.81 +16 
2321 ts.5 5 10 F8 8.16 8.03 —13 
2352 15.9 2 47 B3 6.66 6.43 — 23 
2324 16.5 4 40 Ma | 9.16 8.94 —22 
2328 16.9 |— O 15 Gs 7.83 7.23 — 30 
2344 17.0 |+ 9 29 K5 6.97 6.53 —44 
2431 18.5 o 50 F 9.49 9.50 +s 
2332" | 18.4 |— 0 2 G5 6.62 6.32 — 30 
2049 ‘| 19.0 |+ oO 42 ed ee 2 9.34 9.80 +46 
2287 19.1 Ir 6 Ko 6.84 6.78 — 6 
2361 16.3 1 °° 2.54 Ko | 6.91 6.54 —17 
2240 16.4.) 34s) > oe | 8.84 9.04 +20 
2337 19.7/— 018 | Ao | 7.88 7.93 + 5 
2484 20.7 |+19 54 | A2 | 8.75 9.05 +30 
2305 20.8 326 | - Ko | 6.75 6.78 + 3 
2328 35.0 426 | Az | 6.63 6.63 00 
2243 25.2 14 40 F8 | 8.79 8.99 +20 
2224 | 21.4 17 44 I8 | 7-42 7.36 — 6 
2244 21.4| 14 8 Ko | 7.4! 7.38 ~ 3 
2341 21.6 |— © 29 Ko | 6.78 6.29 —49 
2211 21.9 |+11 49 Gs | 6.60 6.64 + 4 
2122 22.1 16 17 K2 | 8.22 8.01 —21 
2330 22.1 4 33 Fs | 9.15 9.35 +20 
2330 22.3 4 49 Ko | 9.36 9.41 + 5 
2333 22.3 4&1 - oe |) oe 7.07 —15 
2203 a2.5 14 47 F8 | 6.30 9.58 +29 
2123 23.1 16 17 F8 7.49 7 eS +20 
2231 23.3 | 17 38 G5 7.07 7.33 +3 
2206 23.4 14 52 | Ko 7.14 6.83 —3I 
2252 24.4 14 40 | Go 8.79 8.88 +a 
2323 «| 24.6 200 | F5 6.85 6.82 — 3 
2325 45.3 2 40 Ko 7.12 6.93 —19 
2314 25.3 7 34 Gs | 7-37 7.30 meg 
2379 20.4 3 22 Ko 6.58 6.51 — 7 
2165 26.9 9 56 Ko 8.12 $.13 — 1 
2347 27.1 & 50 Ko 7, ay 7.07 —I4 
2356 27.6 |— 0 21 F8 8.88 8.95 + 7 
2350 28.6 4 42 | Kea 9.16 g.12 —4 
2351 29.1 438 | Ka 8.95 8.80 —15 
22609 31.4 14 34 | F8 8.24 8.28 +4 
2176 43.0 954 | Ko 8.52 8.47 — 5 
2280 31.7 13 2 Ao 7.82 7.85 +33 
2273 2.8 14 39 Ko 9.34 9.14 — 20 
2230 526 14 47 G5 9.09 9.09 [oye] 
2144 33.6 16 39 F2 6.62 6.55 — 7 
3016 9:59.3 |—I5 10 Mo g.I! 8.77 — 34 
3029 10:02.5 14 58 Fo 7.86 7.98 +12 
3039 4.3] 14 59 G5 7.40 7.30 —16 
3008 4.5 I2 52 Ma | 7.34 6.99 —35 
3044 5.9 15 8 A2 [. 830% Q.21 +30 
3046 6.1 1s 33 K2 | 7-41 6.91 — 20 
2987 6.2 16 26 Ko 7.26 6.93 — 33 
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No. B.D. a 1900 6 1900 Sp. Cl. Pim Mag. Pv Mag. Fi ios 
200... 3054 1ch776 |—14° 34’ Ao 6.99 7.04 | +5 
ae 3055 7.8 ee F8 8.71 8.83 | +12 
re 2985 8.3 F159 G5 7.71 7.69 | — 2 
269... 2817 8.5 4.35 F2 7.50 7.43 | —7 
270.. 3109 8.7 6 53 F8 7.32 7.02 | —30 
yf ae 2819 8.8 4 43 A2 7.40 7.54 | +14 
2925. 2989 9.2 7 30 Ko 7.00 | 6.88 | —18 
273.. 2833 10:0 | “EL 32 Fs 7.18 7.19 | +1 
274.. 2835 16:3] 2-17 Ao 7.38 | 7.40 | +2 
276, | 3028 EE3 5 20 Bo | 7.60 7.86 | +26 
276......| 3030 II.7 TOVES Hl). eet | 9.56 9.80 | +24 
BOF ie sascih 3031 11.8] 10 16 A5 | 8.61 8.72 | +11 
278.. 2031 11.9 | ae 3 | Ao 8.90 9.13 +23 
290: 3129 I1.9 I2 36 G5 y foe i, 6.92 | —25 
280.. 3037 14.1 IO 40 Go | 7.606 7.91 | +25 
281.. 3039 4.3 1 20c%4 F2 | 8.81 9.05 | +24 
282.. 2830 14.4 ae. Fo | 9.00 9.206 | +26 
oe 2841 14.6 4 44 F2 | 7.56 7.80 | +24 
BS. 6 65.3 2379 rs.3 2) 32 G5 | 9.17 9.24 | +7 
BR chet 2846 TS.7 4 52 A2 6.96 6.95 | — I 
986.052. 3043 15.7 | § 41 As | 7-35 7.28 | -—7 
“Cy See 2847 16.1 4 55 K2 6.96 6.67 | —29 
oc ee 2906 I. 7 8 54 Ma ee 720 — 2 
BAO cae. 3132 .5| 3 9 K5 6.67 6.42 —25 
te 2861 19.1 | 4 26 Ko | #6 7.37 | +1 
eee ae 19.5 27 | Ke 8.87 | 8.05 | +8 
re 3030 20.9 721 | Ke Oo | “aoe —19 
BOSE craic 3062 21.3 £66 | . Ao | 6.91 | 6.08 + 7 
GA aire, 2921 21.7 353 | Ko | 6.60 | 659 | —1 
CS EP 2873 22.0 S50 | F5 | "8x85. ) “owe | sk32 
of oe 2391 22.9 213 | Fa2 8.27 | 8.21 | — 6 
207...... 2403 27.0) 2 8 | Ko | 8.17 | 8.02 —I15 

| 1 








assigned the star; column 2, the B.D. number according to the nota- 
tion of the Henry Draper Catalogue. Columns 3 and 4 contain re- 
spectively the right ascension and declination for 1900. Column 5 
gives the spectral type (where known) from the Henry Draper Cata- 
logue (or in the case of a few stars, from Harvard Bulletin, No. 871); 
column 6, the photometric magnitude from the revised Harvard 
photometry, HA, 54; column 7, the photovisual magnitude as de- 
termined in the present investigation; and column 8, the difference 
between these two, PV — Ptm. 

In most cases, the adopted photovisual magnitude is the mean of 
four determinations from different plates. In the case of a few stars, 
one image was obscured or defective and only three determinations 
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were possible. For the stars in the first or last field, and on the side 
opposite the second or next to last field, only two determinations 
were possible since no overlapping with an adjacent field occurs. 

The probable error of a single photovisual magnitude from one 
plate was found from the residuals to be +0.076 mag.; from four 
plates, +0.04 mag. 


REDUCTION OF THE REVISED HARVARD PHOTOMETRIC TO 
THE INTERNATIONAL PHOTOVISUAL SYSTEM 

In the reduction of one system of magnitude to another, the rela- 
tive color-equation, scale-difference, and zero-point of the two must 
be determined. In the present paper, the scale-difference is found by 
direct comparison at different magnitudes. Therefore, zero-point is 
automatically considered, and needs no separate discussion. An ap- 
proximate color-equation can be obtained if we may assume that 
the stars of different spectral types occur with the same frequency in 
the different magnitudes, and that the scale-corrections vary linearly 
according to magnitude. Such a color-equation will include the aver- 
age scale-correction over the interval investigated. Summing the dif- 
ferences Pvy— Pim, of Table II, column 8, according to spectral type, 
and computing the mean difference for the stars of each class, we 
get the approximate color-equation. The result is presented in Table 
III. Column 1 contains the spectral class; column 2, the number of 
observations; column 3, the mean difference for each spectral class; 
and column 4, the smoothed values from column 3. The smoothed 
values in column 4 constitute the approximate color-equation. 

The photometric magnitudes in Table II were next provisionally 
corrected for color with the use of the results in Table II, and new 
differences, Pv — Ptm found. These were then summed in five groups 
according to magnitude (Pv), and the mean difference found for 
each group. The scale-corrections in Table IV result from this opera- 
tion. In Table IV, column 1 contains the number of observations in 
each group; column 2 contains the mean magnitudes of the groups; 
column 3, the mean differences, Pv — Pim; and column 5,the smoothed 
values for the different magnitudes. The values in column 5 were 
found to remain unchanged in a redetermination after the applica- 
tion of a new color-equation, described in the following paragraph. 








After correction of the photometric magnitudes for scale-differ- 
ence according to Table IV, a new color-equation differing slightly 
from the first provisional one was found. The mean values of the 
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quantities, Pvy— Pim, for each spectral class are given in column 5 of 
Table III, while column 6 gives the smoothed values. 

It might be expected that a dependence of color-equation on mag- 
nitude would exist. An examination of the data for each of the five 
groups of magnitude used in determining the scale-correction re- 
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vealed that no reliable determination of the dependence was possible, 
the number of observations being insufficient. The trend of the re- 
sult indicated an increase in color of not more than 0.02 (m—m,). 
This result was deemed not sufficiently definite to incorporate in the 
color-equation, and a mean color-equation was adopted. 

According to the conventional scheme of color-equation depending 
on color-index, the equation becomes zero for Ao stars, the color- 
index being zero. We shall assign a color-equation of zero to the stars 
of spectral class Ao. The amount of the color-equation for stars of 
this type as derived, +0.14 mag., may be subtracted from the color- 

















TABLE V TABLE VI 

Sp. Cl. Maes | Y-MLW Pim Mag. Mae” | Y-Muw 
MO snc, Wares | +0.02 —0.02 | AY Pan Pu at 0.00 —0.02 
SERS aera tra + .or — .OoI |: eres a .0O0 
MS res eters .00 .0O0 7 EA, .12 + .02 
(| nee caren? — .02 + .o1 NiGas forte “a7 .03 
| 2 rear cre .O4 .O1 eee 22 .03 
BO ete. cialsas- ati .06 .03 OE iis iets . 26 .02 
Ee po .O9 .03 Chita ork et 5-0 .30 .O2 
te ea ie 13 .03 ae +0.34 +0.09 
ER ate .19 .02 Pe ee ee 
| ras 25 .O1 
DAO: cc cces ance) eOnga +0.06 











equation of Table III, column 6, and added to the scale-corrections 
of Table IV, column 5. The resulting color-equation will be zero for 
stars of spectral class Ao, and the scale-corrections will be the true 
ones. 

The adopted color-equation and scale-corrections are given in 
Tables V and VI, columns 1 and 2, and are illustrated in Figures 1 
and 2. The adopted scale-corrections are given with the argument, 
photometric magnitude. 


COMPARISON WITH RESULTS OF MOUNT WILSON 


In his reduction of the Harvard visual scale to the International 
(Mount Wilson) photovisual system, Seares finds for the bright 
stars a constant correction of —o.o8 mag. and a color-equation of 
—o.o9C at a mean magnitude of about 3. C is the color-index on the 
International system. From the fifth to the tenth magnitude he finds 
a linear color-equation of from —o.11C to —o.17C. By adopting 
—o.14C as a mean value, and by using the color-indices of stars of 
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different spectral types as determined by Seares,t we may compute 
his color-corrections according to spectral type. 
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Column 3 of Table V gives the values Y—Mt.W, found by sub- 
tracting from the color-correction determined in the present investi- 
gation the corresponding correction derived as outlined above from 





the results of Seares. 


* Mt. Wilson Contr., No. 226; Astrophysical Journal, 55, 198, 1922. 
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Column 3 of Table VI contains the differences of scale-correction, 
Y — Mt.W, as determined in the present investigation and by Seares, 
for points in common. It will be noticed that exact agreement is 
reached for stars of revised Harvard magnitude 7.0. All photometric 
magnitudes of 7 or fainter which were utilized by Seares were ob- 
tained with the 4-inch meridian photometer of the Harvard College 
Observatory (for the very faint stars the 12-in. photometer was 
used). Magnitudes brighter than 7 were obtained with the 2-inch 
photometer. It is possible that the joining of the curves of scale- 
correction of the 2- and 4-inch photometers is responsible for the 
slightly different scale-corrections found by the two methods for 
magnitudes from 6.5 to 8.0. In the present investigation, it seemed 
advisable not to attempt to join the curve of scale-correction of the 
4-inch to that of the 2-inch, but to consider the scale of the 4-inch 
photometer exclusively. In the case of the scale-correction for the 
Harvard magnitude 10.0, the different scale-correction obtained by 
Seares is apparently due to the smoothing of the curves for the 4- and 
12-inch photometers. The value obtained in the present investiga- 
tion is merely an extrapolation from the correction determined for 
9.5 mag., and could apply only to magnitudes obtained with the 
4-inch photometer. ; 

An application of the adopted color- and scale-corrections to the 
Harvard magnitudes used reduces the average difference, Pv —Ptm, 
from 0.14 to o.og mag. The precision of the corrections is believed to 
be considerably within this limit. The adopted photovisual magni- 
tudes have a probable error of +0.04 mag. It seems likely that most 
of the corrected average residual of 0.09 mag. must be attributed to 
the scattering of color-index for spectral type, if we can assume the 
substantial accuracy of the revised Harvard photometry and the 
spectral classification of the Henry Draper Catalogue. For the pur- 
pose of reduction of the revised Harvard magnitudes to the Inter- 
national system it undoubtedly would be more desirable to have as a 
measure of the color of the stars the color-indices. However, since in 
general these are unknown at present, the only practical method 
must employ a color-correction depending on spectral type. 

YERKES OBSERVATORY 
September 1930 








THE DISTRIBUTION OF ABSOLUTE MAGNITUDES 
AMONG K STARS BRIGHTER THAN THE SIXTH AP- 
PARENT MAGNITUDE AS DETERMINED FROM PAR- 
ALLACTIC AND PECULIAR VELOCITIES: 

By GUSTAF STROMBERG 
ABSTRACT 

1. The distribution of absolute magnitudes among stars of spectral types Ko-K2 
and K3~Kg and brighter than apparent magnitude 6.0 has been determined from the 
distributions of parallactic and peculiar reduced proper motions and of radial velocities 
by methods described in Mount Wilson Contributions Nos. 395 and 410 (Table V). The 
number of proper-motion stars in the two groups is 1058 and 375, respectively; of ra- 
dial-velocity stars, 849 and 348. 

2. The distribution of absolute magnitudes for spectral types Ko-K2 shows four 
distinct maxima: bright giants at —2.5, normal giants at +0.3, faint giants at +2.7, 
and dwarfs at +6.1. The relative proportion of stars in the four groups is 13.9, 78.3, 
6.5, and 1.3 per cent. 

For the interval K3—Ko the distribution shows three distinct maxima: su pergiants 
at —4.5, normal giants at —o.1, and dwarfs at +6.7, the relative proportions of stars 
being 7.1, 90.5, and 2.4 per cent, respectively. 

3. The distributions of reduced angular parallactic and peculiar motions and of the 
corresponding linear motions are given in Tables II-IV. Values are also given for the 
computation of the mean absolute magnitude for a group of stars from the mean ap- 
parent magnitude and the mean of the logarithms of the 7- or v-components. 


The methods for determining the distribution of absolute magni- 
tudes from peculiar and parallactic motions outlined in Mount Wil- 
son Contributions Nos. 395° and 410% have been applied to stars of 
spectral type K brighter than the sixth apparent magnitude, with the 
results given in this paper. 

All stars in the Draper Catalogue classified as K and brighter than 
the sixth apparent magnitude were included. To these were added 
stars classified as K by the Mount Wilson observers, but not given as 
K in the HD, where they appear mostly as G5 or Ma stars. The stars 
were divided into two groups including spectral types Ko-K2 and 
K3~-Ko, respectively. 

The apparent magnitudes were taken from the HD. In the case 
of doubles the apparent magnitude of the brighter star was used as 
given in the HD, or was derived from the difference in brightness 

* Contributions from the Mount Wilson Observatory, Carnegie Institution of Wash- 
ington, No. 418. 

2 Astrophysical Journal, 71, 163, 1930. 3 Ibid., 72, 111, 1930. 

40 





wT ee 


pene e 


AAR en RABI 8 








ANE OST tere oe 


EA 





ABSOLUTE MAGNITUDES OF K STARS 41 


between the components. Certain double stars whose combined 
apparent magnitude is brighter than six, but none of whose com- 
ponents attains this brightness, were thus excluded. 

The proper motions have been taken from Boss’s Catalogue. Ray- 
mond’s corrections have been applied to the proper motions in decli- 
nation. 

The total number of stars in the two groups is 1058 and 375, re- 
spectively. Since certain stars are classed differently in the HD and 
by the Mount Wilson observers, the groups overlap each other partly 
and also, to a small extent, the group of M stars studied in Contribu- 
tion No. 411.‘ Thus, a star classified as K5 in the HD and as K2 at 
Mount Wilson appears in both groups of K stars. It should also be 
noted that a very large group of stars is classified uniformly as Ko in 
the HD, whereas a great number of these stars are classified at 
Mount Wilson as G8 or Gg. The present results for the early K 
stars are thus to a large extent representative for stars of types G8- 
K2 on the Mount Wilson scale. 

From the two spectral groups were first subtracted, respectively, 
14 and g stars having very large reduced proper motions. All of these 
stars have well-determined trigonometric parallaxes, and their ab- 
solute magnitudes are thus known individuaHy with fair accuracy. 
Further, 153 and 63 stars whose angular distances from the apex or 
antapex are less than 30° were omitted from the two groups in 
analyzing the parallactic motions. 

Among the K stars brighter than the seventh magnitude are 
849 and 348 stars, respectively, for which spectrographically deter- 
mined absolute magnitudes M, and radial velocities V are available. 
Many of these are unpublished and were kindly put at my disposal 
by Dr. Adams. The group motions for these stars, computed for groups 
arranged according to absolute magnitude, are given in Table I. 

The distribution of the peculiar radial velocities V’ was derived 
for each absolute-magnitude group separately and combined with 
the distribution of sin \. The distribution of log |V.+(€/sin )| was 
then determined and smoothed graphically. This computation was 
based on the assumption that the distribution of the linear peculiar 
tangential velocities ¢€ is identical with that of the peculiar radial 


t Astrophysical Journal, 72, 117, 1930. 
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velocities V’ and that there is no correlation between |e| and sin X. 
Similarly, the distribution of log |V’|=log |e| was determined for 
each group separately. The distributions of y, =log |V’|—1.6756 and 
y2=log |V.+(e/sin X)|— 1.6756, reduced to a total of 1000 stars, are 
shown in Tables II and III. The values of the absolute magnitudes 
at which the transition from one distribution to the next is supposed 
to occur are given at the head of the table between the columns. The 
distribution for the dwarfs, being based on only a few stars, is very 
uncertain and has not been used for determining the absolute mag- 
nitudes. The mean values of y, and y, for the different groups of 

















TABLE I 

— Sona nagSeSaSSE SENSES a nnaaeae ——— — ne rere a—ememenes 

Ko-K2 | K3—Ko 
M No. if | | M, No. Vo 

km/sec. km/sec. 

Sy % > Tete 27 19.4 I} = > eae 40 22.9 
“G0 20'D.0 .. «6.2: 268 22.3 | =©.:0' 60: 0.5: 54 13.6 
+o.1 to +0.8.... 74 21.2 —o.4 to —o.1... 99 19.6 
+0.9 to +2.6.... 52 21.0 | 0.0 to +0.3... 93 26.7 
| +0.4 to +1.0... 51 ge:.% 











absolute magnitude are given at the bottom of Tables II and III. 
These numbers are analogous to the values given for the M stars in 
Contribution No. 411," and may be used to derive mean absolute 
magnitudes by means of the formulae 


M=s log 7|+m—s J, 
M =5 log |u| +m—s log sinA—5 7. . 


The second formula can be used only when the stars are well dis- 
tributed over the sky. 

The distributions of x,=log r+0.2m and x,=log v +0.2m— 
log sin \ are given in Table IV. For values of x, and x, less than 
—1.7 the frequencies are determined by the methods outlined in 
Contributions Nos. 395 and 410; otherwise no smoothing has been 
done. The observed and computed distributions are given under the 
headings ‘‘O” and “C,” respectively. 

t Ibid. 
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TABLE II 
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The distributions of x, and x, are shown graphically in Figures 1—4, 
the observed values, as points joined by straight lines; the values 
computed from the distribution of absolute magnitudes and linear 
velocities, by continuous curves. The dotted curves represent the 
distributions when only the normal giants are included in the dis- 
tribution of absolute magnitudes. 

The distributions of absolute magnitudes for the two spectral 
groups are given in Table V and illustrated in Figures 5 and 6, the 
total number of stars being reduced to tooo. The distribution of 
absolute magnitudes among the stars of types Ko-K2 shows four 
distinct maxima in accordance with the result obtained in Contribu- 
tion No. 396." The number of stars in this spectral interval is so 
large that separate solutions from the r- and v-components could be 
made with fair accuracy; these are distinguished by plus signs and 
crosses in Figure 5. The absolute magnitudes of the dwarfs are those 
determined from the trigonometric parallaxes. The existence of the 
separate maxima is indicated by both the parallactic and the peculiar 
velocities. The relative proportion of stars in the four groups is 13.9, 
78.3, 6.5, and 1.3 per cent; their mean absolute magnitudes are 
—2.5, +0.3, +2.7, and +6.1 mag., respectively. 

The stars of types K3—-Ko show frequency maxima at absolute 
magnitudes —4.5, —o.1, and +6.7, the percentage in each group 
being 7.1, 90.5, and 2.4, respectively. 

The four groups among the early K stars were designated in 
Contribution No. 396° by the terms “‘supergiants,” ‘‘ordinary giants,” 
“subgiants,” and “dwarfs.” In that investigation, based exclusively 
on peculiar motions, the supergiants of the early K stars were of 
about the same brightness as those of late K type. The distribution 
of the brightest absolute magnitudes determined from parallactic 
motions has considerably higher weight than that based on peculiar 
motions. Further, the high galactic concentration of the supergiants 
introduces a systematic error into the absolute magnitudes derived 
from t-components. These components are more or less perpendicu- 
lar to the galactic circle, and the corresponding linear motion, on the 
basis of an ellipsoidal velocity distribution, averages less than that 
derived directly from the radial velocities. The absolute magnitudes 


t Tbid., 71, 175, 1930. 
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Fic. 1.—Distribution of x,=log 7+-0.2 m for stars of spectral types Ko to K2. The 
dots represent observed numbers within intervals dx=o.1. The smooth curve is com- 
puted from the distributions of absolute magnitudes and peculiar radial velocities. The 
dotted curve shows the distribution when only the normal giants are included. 
For «<< —1.7 the dots do not indicate independent observations, but show the probable 
extension of the distribution-curve. 
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Fic. 2.—Distribution of «,=log v+o0.2 m—log sin \ for stars of spectral types Ko 
to K2. Similar to Fig. 1, but the computed curve is based on a combination of group 
motion and peculiar radial velocities. 
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for the supergiants determined from 7t-components are therefore 
systematically too faint. This explains why the present analysis 
makes the supergiants of late K type considerably brighter than did 
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Fic. 3.—Distribution of x:=log ++0.2 m for stars of spectral types K3 to Ko. 
Otherwise similar to Fig. 1. 
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Fic. 4.—Distribution of x,=log v-+o.2 m—log sin X for stars of spectral types K3 
to Ko. Otherwise similar to Fig. 2. 


the former investigation based on r-components alone. It also ex- 
plains certain systematic differences between the observed and com- 
puted values of the distribution F(x,)dx and F(x,)dx found for stars 
of types M and late K. 

The present results indicate that the supergiants of late K type 
have about the same visual absolute magnitude as that found for 
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the supergiant M stars in Contribution No. 411." It is thus quite 
possible that the group with a mean absolute magnitude — 2.5 pres- 
ent among the early K stars is not an extension of the group of super- 





























TABLE V 
F(M)dM 
M Ko-K2 K3-Ko | M Ko-K2 K3-Ko 
—5.8 ° 1 || +1.0 13 20 
5.6 e || ¥i2 “a it 
5:4 ° : ap 9 I 
— ° 6 de 8 _ 
5.9 a 7 1.8 7 9 
4.8 e 7 | 2.0 , 6 
4.6 is 8 2:4 - 4 
4.4 2 - 2.4 8 3 
4.2 3 ; 2.6 9 
- 5 6 an 9 I 
o-7 6 6 an 8 ° 
3.6 8 5 3-2 6 a 
3-4 9 4 3:4 3 ° 
alee II 4 | I ° 
er 12 5 a4 ° ° 
6 13 7 | ° ° 
om 13 9 “9 ° ° 
sp 13 12 ca ° ° 
aa 12 15 4.8 ° ° 
.* II 18 a ° ° 
4 ; 54 : 
1.2 5 3° 5.6 . 
1.0 3 36 5.8 . . 
0.8 7 47 6.0 ” . 
a6 16 64 63 2 2 
0.4 32 78 6.4 2 3 
—o.2 _ 93 6.6 . 3 
0.0 — 98 6.8 . 4 
+w.s 135 87 7.0 ° 3 
0.4 137 64 72 fe) 3 
aa 132 48 | 7.4 ° 2 
0.8 83 33 7.6 . . 
41.0 28 25 | +7.8 fe) ° 








giants of absolute magnitude —4.5 among the late K and the M 
stars. The probability that the groups are of different nature is 
strengthened by the fact that, although stars having c-characteris- 
tics, which are really the same as the pseudo-Cepheids, exist among 
both the late K and the G stars and are about absolute magnitude 


™A strophysical Journal, 72, 117, 1930. 
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Fic. 5.—Distribution of absolute magnitudes for stars of spectral types Ko to K2 


brighter than the sixth apparent magnitude. 
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Fic. 6.—Distribution of absolute magnitudes for stars of spectral types K3 to Ko 


brighter than the sixth apparent magnitude. 
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—4, only one or two of them are found among the numerous stars 
in the spectral interval Ko—K2. If future investigation identifies the 
pseudo-Cepheids with the supergiants found by the statistical in- 
vestigations, we shall have no right to use the term “‘supergiants”’ 
for the group of early K stars of a mean absolute magnitude — 2.5. 
The name bright giants may be adopted provisionally. In conformity 
with this new notation the name faint giants may replace the name 
subgiants, the latter name having also the disadvantage, when ab- 
breviated, of being difficult to distinguish from the term super- 
giants. Also the term normal giants, which has been used in the 
summary, will in future investigations be used to designate the large 
group of stars of type G to M and of absolute magnitude about zero. 

A similar study of F and G stars will appear in a future Contribu- 
tion. 

CARNEGIE INSTITUTION OF WASHINGTON 
Mount WILSON OBSERVATORY 
November 1930 
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AN ABNORMAL PHENOMENON OF PHOTO- 
GRAPHIC PLATES 


ABSTRACT 

A reversal of low densities on certain photographic plates is noted, with possibly 
serious consequences to photometric and spectrographic exposures. 

It is now quite customary for workers in astronomical photog- 
raphy to calibrate their plates by impressing on them a series of 
so-called sensitometric exposures. Normally, if such a series is 
printed on a plate, their densities will range from one just visible 
as a dark deposit against the surrounding fog to a deposit of a full 
blackness, in steps depending on the relative intensities adopted in 
the sensitometer. These latter usually range in intensity from the 
first to the fourth root of 2. 

In recent tests of a standard emulsion—in fact, the emulsion in 
most common use at the present time for a great variety of astro- 
nomical work, including spectrographic and photometric—the usual 
sensitometric tests showed a reversal of the lowest intensities, their 
densities being less than the surrounding fog. This phenomenon, 
while not a new one, although comparatively rarely observed, has an 
important bearing on astronomical photography, and, in particular, 
on photometry. I am inclined to believe that this particular char- 
acteristic is present to a greater extent than would appear from 
rarity of its observation, the tests appropriate to its appearance not 
being made. Experiments were carried on with several developers 
and a number of emulsions. The effect was found for all developers 
only on the above-mentioned emulsion. With increase of time of 
development the reversal involved higher and higher densities. For 
a comparatively short development, giving a very clear background, 
the effect was not noticed. But for a normal time of development, 
such as is usually given by the writer in order to bring out every- 
thing there is on the plate, which means a certain amount of back- 
ground fog, the reversal effect was quite pronounced. Under such 
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conditions, the effect on the apparent speed of the plate is exceed- 
ingly mischievous. The speed may be reduced from two to four 
times. It is strongly recommended that new emulsions be tested in 
the manner described above. Prolonged development should be 
given in order to increase the abnormal effect, if present. It is hardly 
necessary to enlarge on its evils. On account of the dip in the char- 
acteristic curve of an emulsion with this peculiarity, photometric 
measures are seriously impaired. It is conceivable that in the case 
of spectrograms faint emission lines would appear as absorption 
lines, and conversely absorption appear as emission lines. 

The effect above described is of course not the ordinary reversal, 
which appears at high and not low densities. While apparently re- 
lated to the Eberhard effect, it is difficult to see the exact connection 
on account of the low densities involved. 

FRANK E. Ross 
YERKES OBSERVATORY 
December 8, 1930 


NOTE ON THE VARIABLE LINES OF HYDROGEN 
IN THE SPECTRUM OF 52 7 AQUARII 
ABSTRACT 


In response to Mr. Higgs’s request for some recent history of this star by other ob- 
servers, the results secured by me from photographs taken at the Norman Lockyer Ob- 
servatory at Sidmouth are here given. 

The observations made here corroborate the great change which has taken place in the 
spectrum from 1928 up to May, 1930, as recorded by Higgs. 

These observations however, which suggest a period for this star of approximately 
1194+ days, cannot be reconciled to the estimates of relative intensity as recorded by 
him for the years 1915 and 1919. 


In the October number of this Journal (72, 189) Mr. C. D. Higgs 
states that “it would be interesting to ascertain if the present type 
of change is a recent development of the star’s history, or whether 
the observational record of the previous twenty-five years shows a 
similar behavior.” 

The spectrum of this star has been and is under observation at 
this, the Norman Lockyer Observatory at Sidmouth, and photo- 
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graphs were secured during the years 1923 and 1924 and also during 
the years 1928, 1929, and 1930. The reduction of these observations 
suggests that this star is undergoing a (possibly) regular variation 
with a period of about 1194+ days, the rise to maximum being 
probably shorter than the fall to minimum, as deduced at present 
from a very approximate curve showing the differences of intensity 
of the violet and red components of the 7 line. 

It appears that Higgs’s scale of estimation of intensities is not 
quite the same as mine. In his Table I (on p. 189) he estimates the 
relative intensity of the red and violet components of H6 in Septem- 
ber, 1928, as R>>V (R much greater than V), while from my 
photographs taken during the same month my estimate is R >>>V 
(R very much greater than V). 

Again, from the same table his estimate for May, 1930, is V>R 
(V greater than R), while my estimate from my curve is V>>R 
(V much greater than R). My nearest observation to this month is 
July, in which my estimate is V>>>R (V very much greater 
than R), and this estimate holds also for the following months of 
August, September, and December in which I secured photographs. 

There is little doubt that the intensity-curve has changed from a 
maximum (R»>>V) in October, 1928, to a minimum (approxi- 
mately; V >>>R) in approximately October, 1930, and this great 
change is corroborated by Higgs. 

My observations in 1923 and 1924 suggest a minimum about 
March, 1924, i.e., V>>>R on the scale of my method of estima- 
tion. From this minimum to that in October, 1930, is 2405 days, and 
as this covers two periods, the length of the period is about 1202 
days. From two maxima I estimate the period as being 1187 days, 
and the mean of the two very approximate determinations is thus 
1194+ days as previously stated. 

I cannot reconcile such quick changes of relative intensity as 
recorded by Higgs’s Table I with my observations, such as the 
change from R>V to R=V between the dates July 30 and August 6 
in 1915, or the change from R=V to V >R between October 31 and 
November 14 in 1919, or the reversion to R= V again on November 
17 of the sarne year. 
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The conclusion to be drawn, therefore, is that this star will have 
to be kept under very close observation in the future, and even daily 
observations will have to be made if such quick changes, as recorded 
by Higgs, are in progress. 

My program has been to get monthly photographs, and so far my 
results are in good accord with a period of long duration. 


WILLIAM J. S. LOCKYER 
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REVIEWS 


Bandenspektren auf experimenteller Grundlage. By RICHARD RUEDY. 
Braunschweig: Friedr. Vieweg and Sohn Akt.-Ges., 1930. Pp. 124. 
Figs. 62. M. 9.60. 


According to the author, this book is intended as an introduction to 
the analysis of band spectra for the research worker and student who 
attempts to unravel a new band. Although many reviews have appeared, 
mostly in German periodicals, dealing with various aspects of band 
spectra, this is the first since the publication of Professor Birge’s chapter 
in the Report on Molecular Spectra, which treats of this particular subject 
in detail. It lacks—probably intentionally—a general treatment of the 
theory of molecular spectra, which in our opinion is necessary to those 
who may attempt to unravel a new band. 

A large number of the better-known spectra of the simpler diatomic 
molecules are dealt with in detail, and these examples, together with the 
many diagrams included in the text, should be of great assistance to the 
research worker. There is, however, a scarcity of references, the list given 
in the last two pages being altogether inadequate. References to the 
sources from which examples have been drawn are given on the last page, 
but for only a few cases. 

The nomenclature in band spectroscopy has been considerably revised 
since the publication of this book. In so far as the general reader is con- 
cerned this is not a detriment, but it may prove confusing to the student 
who uses this text as an introduction to the analysis of band spectra. 

ANDREW CHRISTY 
Life and Work of Sir Norman Lockyer. By T. MARY LOCKYER and 

WINIFRED L. Lockyer, with the assistance of Proressor H. 

DINGLE, and contributions by Dr. CHARLES E. St. JOHN, PRo- 

FESSOR MEGH NAD SAHA, SIR NAPIER SHAW, PROFESSOR H. N. 

RUSSELL, REv. J. GRIFFITH, SIR RICHARD GREGORY, and PRo- 

FESSOR A. Fowler. Pp. xii+474. 17 plates. London: Macmillan 

& Co., Ltd., 1928. 18s. net. 


There is a feeling when one puts down The Life and Work of Sir 
Norman Lockyer that the half has not been told us. Here is an orderly 
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account of an extraordinary man. It is a biography that could have been 
written with color and emphasis, but the picture that is drawn for us 
leaves us a bit weary and unsatisfied. The material was collected and col- 
lated by those who knew Sir Norman best, Lady Lockyer and his daughter 
Winifred Lockyer. The account was written by Herbert Dingle, pro- 
fessor of astrophysics at the Royal College of Science. 

The book is divided into two parts. The first 266 pages are devoted to 
a general biographical sketch, and the remaining 196 pages to articles 
written by a group of distinguished authors on the work of Sir Norman 
as viewed in the light of our present knowledge. The division of the book 
is undoubtedly the chief cause of its lack of unity and emphasis. We 
would have caught a more intimate glimpse of the man if we could have 
read in the biography itself more about “‘the celestial dissociation of the 
elements” than to have had it “described at length in another chapter.” 
A scientist’s work is such an integral part of his life that a chronological 
account that does not picture him in the laboratory recording his successes 
and failures is bound to leave us with the impression that we are reading 
a list of events. 

To those who read Nature the book is of especial value. It reveals to 
us the genius that was the guiding force of this great periodical for the 
first half-century of its existence. It is easy to account for the fact that 
today Nature is the leading weekly scientific publication. Lockyer’s pas- 
sion for acquiring knowledge, his ability to make new facts intelligible 
and attractive to others, his keen foresight, his power for organizing, his 
ability to inspire others, and his courage and faith made him a great 
editor. 

It is an amazing career. For the most part Lockyer was self-taught. 
At the age of twenty-seven he obtained a temporary position in the war 
office. A year later, having passed a competitive examination, he was 
appointed to an established clerkship. His interest in astronomy and 
observing began in 1861 with the purchase of a 33-inch Cooke telescope. 
As the scientific editor of the Reader, a weekly “review of literature, 
science and art,’’ in 1863-1865, we find the source of much of his inspira- 
tion. “There is little doubt that much of the work which he achieved 
later was, if not the direct development, at least the revival of germs of 
thought whose origin belonged to this period.’”’ The discovery of helium, 
the dissociation hypothesis, the meteoric hypothesis, theories concerning 
the constitution of the sun, the famous Lockyer-Janssen discovery, the 
interesting venture into the field of archaeology, the publication of book 
after book, one struggle after another as the champion of a cause that 
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seemed to him vital for the public welfare, planning expeditions, writing, 
lecturing, together with the dull routine for many years as a secretary in 
the war office—all went to make up the life and thought of this man. It 
is an astounding account of energy and productivity. One rather suspects 
that Sir Norman had a rather high opinion of himself and of what he 
could do, that he was not always as considerate as he might have been, 
that not all of his ideas were of the ‘“‘first water’’; but we have, in astron- 
omy and astrophysics, much that has come to us as a result of his activity. 

The chapters in the second part of the book which are devoted to 
special subjects such as ‘““The Constitution of the Sun,” “The Dissocia- 
tion Hypothesis,” ‘‘Dissociation Equilibrium,” etc., contain no new 
material. They are interesting because they show Lockyer’s influence in 
modern astronomy, astrophysics, and archaeology. 

CLIFFORD C. CRUMP 


The Physical Principles of the Quantum Theory. By WERNER HEI- 
SENBERG. Translated into English by CARL EcKART and FRANK 
C. Hoyt. Chicago: University of Chicago Press, 1930. Pp. xii+ 
186. $2.00. 

This little book by the founder of quantum mechanics gives a beauti- 
fully clear account of that part of the theory which is concerned with the 
explanation of the wave-particle dilemma in atomic physics in terms of 
the “uncertainty principle.’’ An introductory chapter gives a brief presen- 
tation of the basic experiments: Wilson photographs, electron diffraction, 
X-ray diffraction, Compton-Simon experiment, and the Frank and Hertz 
critical potentials. 

The second and third chapters are devoted to critiques of the corpus- 
cular and wave theories with very full discussions of the limitations im- 
posed by the fundamental uncertainties of measurement in the field of 
atomic physics. In the third chapter there is a noteworthy presentation 
of the leading ideas with which attempts have been made to find a quan- 
tum mechanical revision of classical electrodynamics. 

The fourth and fifth chapters present, respectively, the principles of 
the statistical interpretation of the theory and a detailed discussion of the 
application of the principles to the basic experiments. An Appendix gives 
a rather fuller account of the mathematical apparatus of the quantum 
theory, based on Heisenberg’s Chicago lectures of the spring of 1929, than 


is given in the German edition. 
E. U. ConDON 


PRINCETON UNIVERSITY 





